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CONVERGENT AND ENANTIOSELECTIVE TOTAL SYNTHESIS OF
COMMUNESIN ANALOGS

CROSS-REFERENCE TO RELATED APPLICATION

G001} This application claims the benefit of and priority to U.S. Provisional Application No.
62/334,826, filed on May 11, 2016 and entiiled “CONVERGENT AND BIOMIMETIC
ENANTIOSELECTIVE TOTAL SYNTHESIS OF (\-COMMUNESIN F.” the disclosure of

which s hereby incorporated by reference n 1is entivety for all purposes.
STATEMENT OF GOVERNMENT INTEREST

HEED This mmvention was made with Government support under Grant No. ROT GMO89732
awarded by the National Institutes of Health, and under Grant No. CHE-1212527 awarded by the

National Science Foundation. The Urnited States Government has certain rights in the mvention.
BACKGROUND

HHEIRY The communesin alkaloids are a family of nine structurally complex natural producis
isolated from various marine and terresinial Penicillivon fungt (FIG. 1) Some members have
been shown to possess insecticidal and antiproliferative activities as well as sigmiicant
cviotoxicity agamnst lvmphocviic leukemia Communesing A (2) and B (4}, first isolated in 1993
by Numata were found o exhibit moderaie {0 potent cytotoxicity against cultured mouse P-388
vimphocytic leakemia cells (EDsy = 3.5 pg/ml and 045 pg/mal., respechively). (Numata, A
Takaghashi, C.; Ho, Y. Takada, T, Kawai, K ; Usama, Y., fmachi, M.; fto, T.; Hasegawa, T.
Tetrahedron Lett 1993, 34, 2355-2358.) In 2004, Jaduleo and co-workers isalated communesing
{ {8) and D {6} and, together with 4, were shown 1o possess moderate anti-prohiferative activity
agamnst an array of human leukerma cell lines {Table 1), Furthermore, compounds 4, 8 and 6
exhibited toxicily agamnst the brine shrivap Arfemia safing with LDy values of 0.30, 1.96, and
0.57 ug/ml, respectively. {Jaduico, R.; Edrada, R. A.; Ebel, R, Berg, A, Schawmann, K| Wray,

V., Steube, K. Proksch, P.J Nat Prod 2004, 67, 78-81

>

{(3004] Later in 2004, Havashi and co-workers isolated communesing E (3) and F (1) and
studied the insecticidal properties of these new darivatives together with 2, 4, and 6. (Hayashi,
H.; Matsumaoto, H., Akivama, K. Biosci Riofechnol Biochem. 2804, 68, 7537563 Communesin
B {4} was found o be the most active against third mstar larvae of sitkworms with an LD valoe
of 5 ug/g of diet by oval adnunistration. Commumesing A (2), D (&), E (3), and F (1) were found

to extubit lower insecticidal activities.
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{3005] Recently, in 2015, Fan and co-workers isolated communesin | (9} and studied the
cardiovascular effects of this new alkaleid, together with co-~isolaies 2 and 4. (Fan, Y.-Q.. Ly, P~
H.; Chao, Y.-X.; Chen, H.; Du, N, He, §.-X; Liu, K-C. Mar. Drugs. 2015, 13, 6489-6504)
Al three compounds showed & significant multigative effect on bradvcardia caused by
astemidazole at different concenirations. In addition, communesins I (%) and A (2} exhibited
moderate vasculogenetic activity. Finally, compounds 9 and 2 were found to moderately promote

the function of cardiovascular vessels,

{00061 The core siructures of the commumesins share a unique heptacvclic skeleton
containing two aminals and at least five stersogenic centers, of which two are vicinal and
quatemary {FIG. 1) To date, the total synthesis of (+)-communesin F (1} has been completed by
(in, Weinreb, and Funk, in addition to a formal synthesis by Stoltz. Ma’s total synthesis of (—)-
conwmmesin F (1} remains the only enantioselective solution for this archetypical alkalowd
However, these total syntheses are complex, low vielding, and do not readily lend themselves to
the svnthesis of analogs or derivatives of (—)-1, which would be necessary to support a rational

drug development program.

{00071 The exquisite structural complexity, coupled with an array of mnteresting biclogical
properties has prompted the present discloswre of a novel, efficient, and convergent chemical
svothesis of the communesin alkaloids. These methods imvolve the stereocontrolied oxidative
union of two dissimilar fryptamine denvatives followed by reorganization of a C3a-C3a" linked
heterodimer to develop a highly convergent total synthesis that would be suitable for the

preparation of diverse analogs derived from the family of communesing.

HHERY! Herein, are presended concise enantioselective total syntheses of several
representative communesins, ready for adaption toward a wide range of previously unexplored
analogs. The highly convergent route establishes mventive methods that allow for
unprecedented efficiency in constructing the complex heptacychce ning system from two densely
functionalized building blocks. In addition, the use of flexible stereochenucal control elersents
enables access to any selected enantiomer or diastereomer without dramatic alterations to the
strategy, and 1s eastly generalized and applied {o the synthesis of a wide variety of analogs. This
novel chermical synthesis allows, for the first time, the opportumity to fully explore the pronusing

tmological properties of thus class of compounds.
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BRIEF SUMBMARY

{00609] Various inventive embodiments are disclosed that are generally directed {o a highly
convergent biomimetic enantioselective svuthesis of alkalod compounds of Formula (I}, as well

as compounds and methods of use of Formula (1}, as described herein,

[B010] In one embodiment, the prasent disclosure relates to compounds of Formula (1)

Formula (1)
or a pharmaceutically acceptable salt. tautomer or stereoisomer thereof is described, wherein:
R], R, and R are each independently selected from H, C-Cpy alkvl, Co-Cp alkenyl, (5-C5s
alkynyl, ~CEOIR, -CEOINRIRY, -8(=01,RY, arvl, heteroaryl, carbocvelvl, or heteroeyelyl,
wherein R” and R” taken together with the carbon atoms to which they are attached form an aryl,
heteroarvl, carbocyclic, or heteroevclic ring:
R? and R” are each mdependently selected from F, C1, B, 1, -OH, SOR -OCEOR, “SEQRR 2
NRIRY, C-Cyy alkyl, CoCyp alkenyl, Co~Cpy alkynyl, arvl, heteroarvl, carbocyelvl, or
heterocyclyl:
RE is independently H, -OH. -OR’, -QCEOR’, -8(=03, R, WNRORY, C-C s alkyl, C-C s alkyl,
Cr-Cpp alkenvl, Co-Cyp alkynvl aryl, heteroary!, carboeyclvl, or heterocyelvl;
R’ and R® are each independently selected from H, C-Cyp alkyly CoCp alkenyl, Co-Cops
alkynyl, ~CEOR”, -CEONRRY, SE0LRY, -OH, -OR”, -OCEOIR”, NRRY, arvl,
heteroarvl, carboeyelyl, or heterocychvl, wherein two R or two R® groups taken togetber with the
carbon atoros fo whach they are attached form an arvl, heteroarvi, carbocvelic, or heterocycelic
ing;
R’ and R" are each independently selecied from H, C;-Cyy alkvl, €-Cyy alkenvl, C-Cyy alkynyl,
aryl, heteroarvl, carbocyclyl, or heteroevelyl, wherein B and B' taken together with the carbon
atoms to which they are attached form an arvi, heteroaryl, carbocyclic, ot heterocvclic ring;
RY is -Cp alkyl C-Cp alkenvl, Co-Cyy alkynyl arvl, heteroarvl carbocyelyl,

heterocvelyl, ~(CHa3SiMes, or *(CE’{Q};;RQ;

8]
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m and { are each independently an integer from 0 {0 3;

n, 1, s, and v are each independently an integer from 0 to 4, and
wis 0,1, or2;

with the following provisos:

0] OH
when R’ is}‘J\RH , wherein R" s Me, Bt n-Pr, W\Me, or WM‘S‘ ;
R* is Me;

m, n, r, and 8 are 0;
tand u are 1; then

Me Me

e
R"is not cand
O

when R is }IJ\R” . wherein R is Me;
RYis Me;
m,n, 1, and s are O

tand u are 1; then

Me Me
R®is not \E( cand
O
when R is }LJ\R” . wherein R is Me, OE'WMe;
Y H:

m, n, 1, and 8 are 0]
tand vare i; then

Me Me
oi
R%is not s and

O
when R is }LJ\ R"™  wherein RM isW\Me;
&Y is -CHO;
m, n, 1, and s are (;
tand uare 1, and

Me Me

oi
&% 145 not
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0011} In one embodiment, the present disclosure relates to a pharmaceuiical composition

comprising a compound of Formula (1) and a pharmaceutically acceptable excipient.

0812} r another ermbodiment, the present disclosure provides a method of treating a disease
or condition comprising admunistering an effective amount of the pharmaceutical composition to
a subject. In some embodiments, the disease or condition 18 cancer. Tn other embodiments, the
disease or condition 15 4 bactenial infection. In other embodiments, the disease or condifion 1s a
fungal infection. In another embodiment, the disease or condition is a viral infection. In sl
other embodiments, the disease or condition is abnormal cardiovascular function. In yet ancther

embodiment, the pharmaceutical compositions are used to treat insect miestations.

[B013] in one embodiment, the disclosure provides a method of making compounds of

Formmula (I} by a rearrangement of)

) ke (R,
Formula (V)

[0014] In another embodiment, the present disclosure provides a method of making
compounds of Formula (V) by a radical recombination reaction of, e.g., by photochemical

degradation of the azo group:

Formula (VI)

6615} In another embodiment, the present disclosure provides a method of wmaking

compounds of Formula (V1) by the extrusion of sulfur dioxide from

(4
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Formula (VII)

[0016] In still another embodiment, the present disclosure provides a method of making
compounds of Formula (VI by a reaction {e.g., nucleophilic substitution reaction) between

compounds of Formula (111} and Formula (VHI}

NR"® H
i E” & (R7)—(£t/ NSO,R'?
RS A 2
( )uNHz "
R
G ),
Formula (III) Formula (VIII)
{6637] In one embodiment, the first bionumetic enantioselective iotal synthesiz of

{-)}-communesin F based on a late-stage heterodimerization and aminal exchange is described. It
is to be understood that these methods and approaches can be generalized and applied to the
svathesis of a variety of compounds, ncluding various communesin derivatives, such as those

represented by Formula (1)

Me
(-)-communesin F

BRIEF DESCRIPTION OF THE FIGURES

[B018] The skilled artisan will understand that the drawings primarnidy are for illustrative

purposes and are not intended to imit the scope of the inventive subject matter described herein.

(0019} FIG. 1 shows the chemucal struchuwres of the natwally occusring communesin

atkaloids.
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0029 FIG. 2 is a '"H NMR spectrum for (-)-communesin ¥ prepared by the methods
i

described heremn,

0021} FIG. 3 is a PC NMR spectrum for {=)-comymuvesin F prepared by the rvethods

described heren.
[3022] Fi. 4 shows the positional numbering system used for the (- )-communesin F core.

DETAILED BESCRIPTION

6623} In the following description, certain specific details are set forth in ovder to provide a
thorough understanding of various ersbodirsends. However, one skilled 1 the art will understand
that the invention can be practiced without these details. In other instances, well-known
structures have not been shown or described m detal to avoid unnecessarily obscuning

descriptions of the embodiments.

[3024] All definitions, as defined and used heremn, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
meanings of the defined terms. Use of flow diagrams is not meant to be limiting with respect to
the order of operations performed for all erbodiments. The indefinite articles “a” and “an,” as
used herein in the specification and in the claims, unless clearly indicated to the contrary, should

be understood to mean “at least one.”

{0625} Reference throughout this specification to “one embodiment” or “an embodiment,”
etc. means that a particular feature, stnucture or characteristic described in convection with the
embodiment 1s included in at feast one embodiment. Thus, the appearances of the phrases “in one
emboediment” or “in an embodiment” in vanous places throughout this specification are not
necessarily all referring to the same embodiument. Furthermore, the particular features, structures,
or characteristics can be combined in any suitable manner in one or more embodiments. Also, as
used in this specification and the appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates otherwise. It should also be noted that
the term “or” i3 generally emploved m its sense nchuding “and/or” unless the content clearly
dictates otherwise,

[3026] As used herein in the specification and in the claims, the phrase “at least ong,” in
reference to a hist of one or more elemenis, shoufd be undsrstood 1o mean at least one slement
selected from any one or more of the clemeunts in the list of elemenis, bul not necessarily

including at least one of each and every element specifically listed within the hist of elements and

not exchudling any combinations of elements in the hist of elements. This definition also altows

3
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that elements may optionally be present other than the elements specifically identified within the
list of elements to which the phrase “al least one” refers, whether related or unrelated to those
elements specifically identified. Thus. as a non-limiting example, “at least one of A and B” {or,
equivalently, “at least one of A or B.” or, equivalently “at least one of A and/or B} can refer, in
one embodiment, 1o at least one, optionally including more than one, A, with no B present {and
optionally nchiding elernents other than B} v another embodiment, to at least one, optionally
mcluding more than one, B, with no A present {and optionally including elements other than A);
in vet another embodiment, 1o at least one, optionally including more than one, A, and at least
one, optionally mcluding more than one, B (and optionally mcluding other elemenis); elc.

{06271 In the claime, as well as in the specification above, all transitional phrases such ags

> 59

“mcluding,”

> >

“comprising,’ “carrying,” “having,” “contamning,” “iovolving” “holdmg,’
“composed of,” and the like are to be understood to be open-ended, i.e.. o mean including but
not imited to. Only the transitional phrases “consisting of 7 and “consisting essentially of” shall
he closed or serni~closed transitional phrases, respectivelv, as set forth i the Unitied States Patent

(ifice Manual of Patent Examining Procedures, Section 2111.03

{0G28] “Alky?” or “altky! group” refers to a fully saturated, straight or branched hvdrocarbon
chamn radical, and which s attached to the rest of the molecule by a single bond Alkyis
comprising any number of carbon atoms from 1 o 12 are included. An alky! comprising up to 12
carbon atoms is a C~Cpr alkyl, an atkyvl comprising up to 10 carbon atoms 15 a C-Cyy alkyi, an
alkyl comprising up to 6 carbon atoms is a €-Cy alkyl and an alkyl comprising up to 3 carbon
atoms 18 a {1-Cs alkyl A C-Cs alkyt includes Cs alkyis, €y alkyis, C; alkyls, C; alkyls and O
alkvl (7., methvh). A €-Cs alkyl includes all moieties described above for C4-Cs alkyis but also
includes €y alkyls. A Ci-Cyp alkyl includes all moreties desertbed above for C-Cs alkyls and Cy-
Ce alkyls, but also mcludes Cy, Cg, Cs and Cyp alkvis. Sumilarly, a C-Cyp alkyl inclades all the
foregong moteties, but alse includes €y and Cpp alkyls. Non-himiting examples of C,-Cyy alkyl
include methyl, ethyvl, n-propyl, i-propyl, sec-propyl, n-butyl, i-butyl, sec-butyl, #-butyl, #-peniyl,
f-amyl, nhexvl, neheptyl, zeoctyl, n-nonvl, n-decyl, n-undecyl, and n-dodecyl. Unless stated

otherwise specifically in the specification, an alkyl group can be optionally substituted.

(60291 “Alkviene” or “alkviene chain” refers to a fully saturated, straight or branched
divalent hydrocarbon chain radical. Alkylenes comprising any number of carbon atoms from 1 to
12 are inchided. Non-linuting examples of C-Cyy alkvlene inchide methylene, ethylene,
propylene, n-butylene, ethenvlene, propenviene, n-butenvlene, propynviene, n-butvoviene, and

the like. The alkyviene chain 13 attached to the rest of the molecule through a single bond and fo

8
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the radical group through a single bond. The points of attachment of the alkylene chan to the
rest of the molecude and to the radical group can be through one carbon or any two carbons
within the chain. Unless stated otherwise speaifically in the specification, an alkyvlene chaim can

be optionally substituted.

{0038} “Alkenvl™ or “alkenyl group” refers to a straight or branched hvdrocarbon chain
radical having from two (o twelve carbon atoms, and having one or more carbon~carbon double
bonds. Hach alkeny] group is attached to the rest of the molecule by a single bond. Alkenyl group
comprising any number of carbon atoms from 2 to 12 are included. An alkenyi group comprising
up 16 12 carbon atoms i3 a €-Cyy alkenyl, an alkenyl comprising up to 10 carbon atoms is a Cp-
Cio alkenvl, an alkenyl group comprising up io 6 carbon atoms is a Cp-Cy alkeny! and an alkenyl
comprising up 10 5 carbon atorns is a $r~Cs alkenvl A $-Cs alkenvi includes Cs alkenvis, {4
alkenvis, Cs alkenyls, and C; alkenyis. A €Uy alkenvi inchudes all moieties described above for
Cr-Cs alkenvis bt also inchudes Cg alkenyls. A C-Cyp alkenyl inchudes all moisiies described
above for {»-Cs alkenvls and Cr-Cy alkenyls, but also mcludes Oy, Cy. €y and Cyp alkenyls,
Similarly, a €,-Cy, alkenyl includes all the foregoing moteties, but also includes €y and Cypp
alkenyls. Non-lhimting examples of C-Cyp alkenyl mclode sthenyl (vinvi), 1-propenyl 2-
propenyl {allvl}), iso-propenyl, Z-methyl-T-propenyl, T-butenwvi, 2-butenyl, 3-butenvl, 1-pentenvl
2-pentenyl, 3-pendenyl, d-pentenyl, i~hexenvl, 2-hexenyl, 3-hexenvl, 4-hexenvi, 5-hexenvi, 1-
heptenvl, 2-heptenvl, 3-heptenvl, 4-heptenvl, S-heptenyi, G-heptenvl, l-octenyl, 2-octenvi, 3-
octenvi, 4-octenyl, S-octenvi, S-octenyl, 7-octenyl, l-nonenyl, Z-nonenyl, 3-nonenyl, 4-nonenyl,
S-nonenvl, G-nonenvl, 7-nonenyl, 8-nonenvi, I-decenyl, 2-decenwl, 3-decenyl, 4-decenyl, 3-
decenyl, 6-decenyl, 7-decenvl, 8-decenyl, @-decenyl, I-undecenvl 2-undecenyl, 3-undecenvl, 4-
undecenyl, S-undecenyl, 6-undecenyl, 7-undecenyl, S-undecenyi, 9-undecenvi, 10-undecenyl, 1-
dodecenyl, 2~-dodecenyl, 3-dodecenvl, d-dodecenyl, 5-dodecenyl, 6-dodecenyl, 7-dodecenyl, 8-
dodecenyl, 9-dodecenvl, 10-dodecenyl, and [l-dodecenyl Exaroples of C-Cs alkyl includes
methyl, ethvi, nepropyl, and 7-propyvl Examples of {-Cy alkyl includes methyl, ethvl, n-propyl,
i-propvl, #-butvl, i-butyl, and sec-butyl. Unless stated otherwise specifically in the specification,

an alkyl group can be optionally substituted.

0031} “Alkenviene” or “alkenviene chain” refers to a straight or branched divalent
hydrocarbon chain radical, having from two to twelve carbon atoms, and having ong or more
carbon-carbon double bonds. Non-hmiting examples of C-Cp alkenviene include ethens,
propene, butene, and the like The alkenviene cham is attached 1o the rest of the molecule

through a single bond and to the radical group through a single bond. The pomnts of attachment of

S
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the alkenviene chain to the rest of the molecule and to the radical group can be through one
carbon or any iwo carbons within the chain. Unless stated otherwise specifically in the

specification, an alkenvlene chamn can be optionally substituted.

{0832} “Alkvavl” or “alkyvoyvl group”™ refers to a straight or branched hydrocarbon chain
radical having from two to twelve carbon atoms, and having one or more carbon-carbon triple
bonds. Each alkynyl group is attached to the rest of the wolecule by a single bond. Alkvnyvl
groups cornprising any number of carbon atoms from 2 to 12 are included. An alkywwyi group
comprising up to 12 carbon atoms is a {-Cy; alkynyl, an alkynyl comprising up to 10 carbon
atoms 18 a $-Cyp alkyavl, an atkynyl group comprising up to 6 carbon atoms 1s 8 £-Cs alkynyl
and an alkvryt comprising ap to 5 carbon atoms 15 a C-Cs allynvl A $H-Cs alkyvnyvlmcludes Cs
alkvayls, Cy alkvnyvis, Cy alkvnvls, and €, alkvoyls. A C-Cy alkvnvl meludes all moieties
described above for C»-Cs alkynyis but also includes Cy alkynvis. A Cp-Cyp alkvny! includes all
moieties described above for Co-Ca alkvnvis and C-Ce alkvnvls, but also includes €, Cg, T and
Cio alkynyls. Swoularly, a Cp-Cyy alkyovl includes all the foregoing mioieties, but also mncludes
{y; and Cyp alkvnvis, Non-limiting examples of ,-Cy, alkenvl include ethvnvi, propynvi,
butynyvi, pentvnvl and the Bke Unless siated otherwise specifically m the specification, an alkyl

group can be optionally substiiuted.

{0833} “Alkynylene” or “alkywwvlene chain” refers to a straght or branched divalent
hydrocarbon chain radical, having from two 1o twelve carbon atoms, and having one or more
carbon-carbon triple bonds. Non-limiting examples of {:-Cy, alkynyviene mclude ethynylene,
propargylene and the like. The alkvnyvlene chain is attached 1o the rest of the molecule throogh a
single bond and to the radical group through a single bond. The points of attachment of the
atkvnylene chain to the rest of the molecule and to the radical group can be through one carbon
or any two carbons within the chain. Unless stated otherwise specifically in the specification, an

alkvoylene cham can be optionally substituted.

{3034] “Alkoxy” refers to a radical of the formula ~OR, where R, is an alkyl, alkenvi or
alknyl radical as defined above containing one to twelve carbon atoms. Unless stated otherwise
specifically in the specification, an alkoxy group can be optionally substituied.

{3351 “Alkyianuno” refers to a radical of the formulda -NHR, or -NRR,; where each R, 15,
independently. an alkyl, alkenvl or alkvnv! radical as defined above contamning one to twelve
carbon atoms. Unless stated otherwise specifically in the specification, an alkylaming group can

be optionally substituied.

16
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{33361 “Alkyicarbonvl” refers to the ~{{=0R, moiety, wherein R, is an alkyi, alkenvl or
alkvoyl radical as defined above. A non-limuting example of an alkyl carbonyl 18 the methyl
carbonyl (“acetal "} motety. Alkvicarbony! groups can also be referred to as “"Cw-Cz acyl” where
w and z depicts the range of the mumber of carbon in R, as defined above. For example, “Ci-{yq
acyl” refers to alkyvlcarbonvi group as defined above, where R, i1 C-Cyp alkyl, C-Cip alkenvi, or
Ci-Cyo alkyny] radical as defined above. Unless stated otherwise specifically in the specification,

an atky! carbonyl group can be optionally substituted.

{33371 “Arvi” refers 1o a hydrocarbon ring system radical comprising hydrogen, 6 1o 18
carbon atoms and at least one aromatic ring. For purposes of this mvention, the aryl radical can
be a monocvehe, bicyclic, tricyehic or tetracvelic ring system, which can include fused or bridged
ring sysiems. Aryl radicals mclude, but are not houted to, aryl radicals derived from
aceanthrviene, acenaphthvlene, acephenanthryviene, anthracens, azulene, benzene, chrvsene,
fluoranthene, fluorens, as-indacense, s-indacene, mmdane, indene, naphthalene, phenalene,
phenanthrene, pletadene, pyrene, and triphenylene. Unless stated otherwise specifically m the

specification, the term “aryl” s meant {0 include arvi radicals that are optionally substituted.

{30381 “Aralkyl” refers to a radical of the formula ~Ry-R. where Ry s an alkylens,
alkenvlene or alkvoviene group as defined above and R. 15 one or more anvl radicals as defined
above, for example. benzyl, diphenyimethvl and the ke, Unless stated otherwise specilically in

the specification, an aralkv] group can be optionally substituted.

(0039} “Carbocyclyl,” “carboevclic ring” or “carbocyele” refers to a rings struchure, wherein
the atoms which form the ring are each carbon. Carboeyelic rings can comprise from 3 to 20
carbon atorms i the ring. Carboeyclic nngs mclude arvis and cyeloalkyvl cvcloalkenvl and
cycloalkynvi as defined herein.  Unless stated otherwise specifically i the specification, a

carbocyclyvl group can be optionally substituted.

[0040] “Cycloalky!” refers to a stable non-aromatic monocyclic or polvevehe fully saturated
hydrocarbon radical consisting solely of carbon and hvdrogen atorns, whuch can include tused or
bridged ring systems, having from three to twenty carbon atoms, preferably having from three fo
ten carbon atoms, and which is attached to the rest of the molecule by a single bond. Monocyclic
cveloalkyi radicals include, for example, cvclopropyl, cvclobutyl, cvclopentyl, cvelohexyl,
cycloheptvl, and cyclooctyl Polycvelic cycloatkyl radicals include, for example, adamantyi,
norbomyl, decalinyl, 7.7-dimethvi-bicvclof2.2. 1iheptanyl, and the like. Unless otherwise stated

specifically in the specification, a cycloalkyt group can be optionally substituted.
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{0041 “Cycloalkeny!” refers o a stable non-aromatic monocychic or polveyclic hvdrocarbon
radical consisting solely of carbon and hydrogen atoms, having one or more carbon-carbon
double bonds, which can nclude fused or bridged ring systems, having from thres {o twenty
carbon atoms, preferably having from three to ten carbon atonss, and which is attached to the rest
of the molecule bv a single bond. Monocyclic cyeloalkenyl radicals mclude, for example,
cvelopentenyl, cyvclohexenyl, cycloheptenyl, eycloctenyl, and the like. Polveyche cvcloalkenyvl
radicals nclude, for example, bicvclof2 2. 1thept-2-enyl and the hike Undess otherwise stated

specifically in the specification, a cycloalkenvi group can be optionally substituted.

[0042] “Cycloatkyny!” refers {o a stable non-aromatic monocyclic or polyveyclic hydrocarbon
radical conssting solely of carbon and hydrogen atoms, having one or more carbon-carbon iriple
bonds, which can include {used or bridged ring systems, having from three o twendy carbon
atorns, preferably having from three to ten carbon atoms, and which s attached to the rest of the
molecude by a single bond. Monoeyclic cycloalkynyl radicals include, for example,
cvclobeptvivl, ovelooctynyl, and the like. Unless otherwise stated specifically 1 the

specification, a cycloalkynyl group can be optionally substituted.

0043} “Cycloalkylalky!” refers to a radical of the formula -Ry-Ry where Ry is an alkviens,

alkenvlene, or alkvovlene group as defined above and Ry 15 a cvcloalkyvl, ovcloalkenvl

B

cycloaltkynvi radical as defined above. Unless stated otherwise specifically 1o the specification, a

cvcloalkvialkyl group can be optionally substituted.

3044 “Haloaltkvl” refers to an alkyl radical, as defined above, that 13 substituted by one or
more halo radicals, as defined above, e g, nfluoromethy], diftuoromethyl, inichioromethyl,
2,2, 2-trifluoroethyl, 1,2~difluoroethyl, 3-bromo-2-fluoropropyl, 1.2-dibromoethy], and the like
Unless stated otherwise specifically in the specification, a haloalkyl group can be optionally

substituted.

[0045] “Haloalkenvl” refers 0 an alkeny! radical, as defined above, that is substituted by one
or more halo radicals, as defined above, e g, 1-fluoropropenyl, 1, 1-difluorobutenvl, and the hike.
Unless stated otherwise specifically in the specification, a haloalkenyl group can be optionally

substituted.

[3046] “Haloalkynyl” refers to an alkynyl radical, as defined above, that is substituted by one
or more halo radicals, as defined above, e g, 1-fluoropropynyl, I-fluorobutynyl, and the like
Unless stated otherwise specifically in the specification, a haloalkenyl group can be optionally

substituted.
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00471 “Heterocycelyl,” “heterocyclic ring” or “heterocycie” refers to a stable 3- to
20~-membered non-aromatic ring radical which consists of two o twelve carbon atoms and from
one o six heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur
Heterocyclyl or heterocychic rings include hetercaryls as defined below. Unless stated otherwise
specifically in the specification, the heterocyclyl radical can be a monocyclic, bicyclic, tricyclic
or tetracyclic ring svstem, which can include fused or bridged ring sysiems; and the nitrogen,
carbon or sulfur atoms 1o the heterocyclyi radical can be optionally oxidized; the nitrogen atorn
can be optionally quaternized; and the heterocvclyl radical can be partially or fully saturated.
Examples of such heterocyclyl radicals include, but are not limited to, dioxolanvi,
thienylf 1 3{dithianyl, decabvdroisoquinolyl, 1midazolinyl, wwdazolidingl, sothiazohidingl,
isoxazolidinvi, morpholinvl, octahydroindolvl,  octahydroisoindolyl,  Z-oxopiperazinyl,

2-oxopiperidinvi, 2-oxopvrrolidinyl, oxazolidinyl, piperidinvl, piperazinvl, 4-piperidonyl,

pyvrrolidinyl,  pyrazohdinvl,  quinuchidinyl,  thiazohidinyl,  tetmhvdrofwvl  inithianyl,
tewrahydropyranyl, thiomorpholinyl, thiamorpholinyi, {-oxo~thiomorpholinyl, and

1, 1-dioxo-thiomorpholinyl.  Uniess stated otherwise specifically in the specification, a

heterocvelyl group can be optionally substituted.

[0048] “N-heterocyelyl” refers (0 a heterocyelvl radical as defined above containing at Teast
one nitrogen and where the pont of attachment of the heterocyclvl radical to the rest of the
molecule is through a nifrogen atom in the heterocycelvl radical. Unless stated otherwise

specifically in the specification, a N-heterocyelvl group can be optionally substituted.

(60491 “Heterocvelvialkyvl” refers to a radical of the formula ~-Re~R. where Ry 18 an alkylene,
alkenvlene. or alkynvlene chain as defined above and R is a heterocycivl radical as defined
above, and if the helerocyclyl 15 a nitrogen-containing heterocvelyl, the heterocyclyl can be
attached to the alkyl, alkenvi, alkyvoyvl radical atl the nitrogen atom. Unless stated otherwise

specifically in the specification, a heterocyclvlalkyl group can be optionally substituted.

(0058 “Heteroarvl” refers to a 3- to 20-membered ring system radical comprising hydrogen
atoms, one to thirteen carbon atoms, one {0 six heteroatoms selected from the group consisting of
nitrogen, oxygen and sulfur, and at least ove arowmatic ring. For purposes of this invention, the
heteroaryl radical can be a monocyclic, eyclic, tricvelic or tetracyclic ring svstern, which can
mclude fusad or bridged ring systems; and the nitrogen, carbon or sulfur atoms in the heteroaryl
radical can be optionally oxidized; the nitrogen atom can be optionally quaternized. Examples
wnclude, but are not himited to, azepinyvi, acridinyl, benzimudazolvl, benzothiazolvl, benzindolvl,

benzodioxolvl, henzofuranyl, berwwooxarolyl, benzothiazolvl, benzothiadiazolvl,
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henzolbi{1,4]dioxepinyi, 1,4-benzodioxanyl, benzonaphthofuranyi, benzoxazolyvl,
benzodioxolvl, benrodioxinvl, benzopvranyl, benzopyranonvl, benzofuranvl, benzolfuranonvl
benrothienyl {(benzothiophenyl), benzotriazolvl, benzof4, 6linudaro|l. 2-alpyridinvl, carbazolvi,
cinnolinvi, dibenzofuranvi, dibenzothiophenvl, furanyl, furanonvl, isothiazolvl imidazolyl

indazolyl, indolyl, indazolvl, iscindolvl, mdolinvi, isoindolinyl, isoquinolvl, mdolizinyl

isoxazolyl, naphthynidinyl, oxadiazolyl, 2-oxcazepinyl, oxazolyl, oxiranvl, t-oxadopyridinyl,
t-oxidopyrimidinyl, -oxidopyrazinyl, 1-oxidopyridazivwl, 1-phenyl-1H-pyrrolvl, phenazinyl,
phenothiazinyl, phenoxazimvi, phthalazinyl, pteridinyl, purinyl, pyreolyl, pyrazolyl, pyvndinvi,
pyrazinyl, pyvrimidinyl, pyndazinyi, qumazolinyl, qunoxalinyl, gquinolinyl, gquinuchidinvi,
wogquinolinv, fetrahydroguimolinyl, thiazolvi, thiadiazolyl, tnarolyl, tetrazolyl, tnazminyl, and
thiopheny! {(i.e. thienvl). Unless stated otherwise specifically in this disclosure, a heteroaryl

group can be optionally substituted.

{3051} “N-heteroaryl” refers {0 a heteroarvl radical as defined above containing at least one
nitrogen and where the point of attachiment of the heteroaryl radical fo the rest of the molecule 15
through a nitrogen atom in the hetercarvi radical. Unless stated otherwise specifically in the

specification, an N-hetercarvl group can be optionally substituted.

{0052} “Heteroarylalkyl” refers to a radical of the formula -Ry-Ry where Ry 15 an alkviens,
alkenvlene, or alkvnvlene chain as defined sbove and Ry 1s a heteroarvl radical as defined above.
Unless stated otherwise specifically in the specification, a heteroarvialkyl group can be

optionally substituted.

[3653] “Thioalkyl” refers to a radical of the formuida -SR, where R, is an alkyl, alkeny], or
alkyny! radical as defined above contaiming one to twelve carbon atoms. Unless stated otherwise

specifically in the specification, a thicalkyl group can be optionally substituted.

{00584} The term “substifvted” used herein means any of the above groups (e, alkvl
alkvlene, alkenyl, alkkenviene, alkynyl, alkynviene, alkoxy, altkyviamino, alkyvicarboovl, thioalkvl,
aryl, aralkyi, carbocyelyl, cvcloalkyl, cvcloalkenvl, evcloalkynvl, cvcloalkyvlalkyl, haloalkyl,
heterocyclyl, N-heterocvelvi, heterocyelylalivl, hetercarvl, N-heteroarvl and/or heteroarylatkyh)
wherein af {east one hydrogen atom is replaced by a bond to a non-hydrogen atoms such as, but
not hmited {o. 4 halogen atom such as F, CL, Br, and I, an oxygen atom in groups such as
hydroxyl groups, alkoxy groups, and ester groups; a sulfur atom in groups such as thiol groups,
thicalkyl groups, sulfone groups, sulfonyl groups, and sulfoxide groups. a nifrogen ajom in
groups such as amunes, anudes, alkvlamines, dialkviamunes, arylamines, alkyviarylamunes,
diarviarnines, N-oxides, uredes, and enamines; a sdicon atom 1o groups such as trialkylsilyl
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groups, dialkylarvisityl groups, alkvidiarvisilyl groups. and tniarvisily! groups; and other
heteroatoms in vanous other groups. “Subshiuted” also means any of the above groups in which
one or more hydrogen atons are replaced by a hugher-order bond {e.g, a double~ or triple-bond)
to a heteroatom such as oxygen in oxo, carbonyl carboxvi, and ester groups; and nifrogen in
groups such as ivines, oximes, hydrazones, and nitriles. For example, “substituted” includes any
of the above groups i which one or more hydrogen aloms  are  replaced
with -NR,CEOOR,, -NRSOR, -OCEOINRR,, ~OR,, -5R,, -SOR,. -SO:R,, -OSOuR,, -8O»
OR,, =NSOR,, and -SONRRy,. “Substituted also means any of the above groups in which one
or MoTe hydrogen atoms are replaced
with -C(=0IR,, -C(=0)0R,, -C(=OINRGR,, -CHSOR,, ~-CH,SONRGR:.  In the {oregoing, R,
and Ry are the same or different and independently hvdrogen, alkvl, alkenvl, alkynyvl alkoxy,
alkylaming, thicalkvl, arvl, aralkyl, cycloalkyl, cycloalkenyl, evcloalkynyl, cycloalkylalkyl,
haloalkyl, haloalkenvl, haloalkynyl, heterocyelvl, N-heterocvelyl, heterocvelyialkvl, hetercaryl,
N-heteroaryl and/or hetercaryialkyl “Substituted” further roeans any of the above groups wn
which one or more hydrogen atoms are replaced by a bond to an amine, cyano, hydroxyl, imino,
nmitro, oxo, thioxo, halo, alkyl, alkenvl alkynyl, alkoxy, alkviamino, thivalkvl arvl, aralkyvl
cycloalkvl, cveloalkenyl, cvcloalkvayvl, cveloalkylalkyl haloalkvl, haloalkenyl, haloalkvovl
heterocvelyl, N-heterocyclvl, heteroevclylalkyl, heteroarvl, N-hetercaryl and/or hetercaryialkyl

group. In addition, each of the foregoing substituents can also be optionally substituted with one

+

HHUS! As used herem, the symbol © " {hereimafter can be referred o as “a poind of

or more of the above substihuenis,

attachment bond”) denotes a bond that is a point of attachment between two chemical endities,

one of which is depicied as being attached fo the pownt of attachment bond and the other of which

XY«%

wndicates that the chemical entity “XY” 15 bonded {0 another chemical entity via the point of

is not depicted as being aitached to the point of aftachment bond. For example, ©

attachment bond. Furthermore, the specific poind of attachment to the non-depicted chemical
. ) o . - ) 3 . 3. B
entity can be specified by inference. For example, the compound CH:-R7, wherein R s Hor ™
XY
*infers that when R 15 “XY", the pomnt of atiachment bond 1s the same bond as the bond
by which R’ is depicted as being bonded to CHa.
{0856} “Fused” refers to any ring structure described herein which 15 fused o an existing

ring struchure 1n the compounds of the invention. When the fused ring 1s a heterooyclyl ring or g
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heteroaryl ring, any carbon atom on the existing ring structure which becomes part of the fused

heterocvelyl ring or the fused heteroarvl ring can be replaced with a nitrogen atorn.

[O0S7] “Optional” or “optionally”™ means that the subsequently described event of
circumstances can or cannot oceur, and that the description includes instances where said event
or circumsiange occurs and imstances in which it does not. For example, “optionally substituted
aryl” roeans that the anvl radical can or camnot be substituled and that the descniption nchudes

hoth substituted arvl radicals and arvl radicals having no substitution,

{058]) Total syothesis refers to the complete chernical svnthesis of a complex molecule,
typically a natwral product or a structurally similar analog or derivative thereof, starting from
commnercially avalable precursor compounds. Tt s often desirable to perform total syntheses in
a “convergent” manner, where efficiency and overall chemncal yield are iroproved by
synthesizing several complex individual components in stage one, followed by combination of
the components in a subsequent stage to yield a more advanced compound or final product
While convergent synthetic methods are desirable, {or complex molecular frarneworks such as
communesing generally, or {(—)-conwnunesing specifically, there can be many dufferent possible

convergent approacheas. The success of any particular approach is highly unpredictable.

[0059] The compounds of the invention, or their pharmaceufically accepiable salts can
contain one or more asymmetric centers and can thus give nise {o enantiomers, diastereorers,
and other stereoisomeric forms that can be defined, m terms of absolute stereochemisiry, as
{R)~ or (&)~ or, as (D)~ or (L}~ for amino acids. The present invention is meant ¢ inclode all such
possible isomers, as well as their racemic and oplically pure forms whether or not they are
specifically depicted herein. Optically active {(+) and (-}, (¥} and {5)-, or {D} and (L}~ isomers
can be prepared using chiral synthons or chiral reagents, or resolved using conventional
technigues, for example, chromatography and fractional crystallization. Conventional techniques
for the preparation/isolation of individual enantiomers include chival synthesis from a switable
oplically pure precursor or resolution of the racemate {or the racemate of a salt or denvative)
using, for example, chiral high pressure hiquid chromatography (HPLC). When the compounds
described herein contain olefinic double bonds or other centers of geometric asvmmetry, and
undess specified otherwise, 1t 15 intended that the compounds include both E and 2 geometric

isomers. Likewise, all tautomeric forms are also intended 1o be included.

{0060} A “sterecisomer” vefers {0 a compound made up of the same atoms bonded by the
same bonds bwt having different three-dimensional structures, which are not interchangeable.
The present mvention contemplates various stereoisomers and muxtures thereof and mcludes
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“enantiomers”, which refers to two sterecisomers whose molecules are nonsuperimposable

mirror images of one another.

{3061 A “automer” refers to a proton shift from one atom of a molecule o another atom of

the same molecule. The present invention includes tautomers of any said compounds.

[3062] “Pharmaceutically  accepiable carrier, diluent or excipient” inchudes withowt
lirmiation anv adjuvant, carrier, excipient, glidani, sweetening ageni, diluent, preservative,
dve/colorant, flavor enhancer, surfactant, wetling agent, dispersing agent, suspending agent,

stabilizer, isotonic agent, solvent, or emulsifier which has been approved by the United States

Food and Drug Adnunistration as being acceptable for use in humans or domestic animals.
{0063] “Pharmacewtically acceptable salt” includes both acid and base addition salts.

{0864} “Pharmaceutically acceptable acid addition salt” refers to those salts which retaim the
biological effectiveness and properties of the {ree bases, which are not biologically or otherwise
undesirable, and which are formed with inorganic acids such as, but are not limited to,
hvdrochloric acid, hvdrobromic acid, sulfuric acid, nitric acid, phosphorie actd and the like, and
organic acids such as, but not honted to, acetic acid, 2,2-dichloroacetic acid, adipic acid, alginic
acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benroic acid, 4-acetamidobenzoic acid,
camphoric acid, camphor-10-sulfonic acid, capric acid, caproic acid, caprvilic acid, carbonic acid,
cinnamie acd, citrie acid, cyclamue acid, dodecylsulfuric acid, ethane-1,2-disulforic acd,
cthanesulfonic acid, 2-hydroxyethanesulfonie actd, fornue acid, fumarie acid, galactaric acid,
gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid, glhutamuic acid, glutarnic acid, 2-
oxo-glutaric acid, glveerophosphoric acid, glveolic acid, hippuric acid, isobuiyric acid, lactic
acid, lactobionic acid, lauric acid, waleic acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid,
I-hydroxy-2-naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid,
pamoic acid, proponic acid, pyroglatamic acid, pyruvie acid, salicvlic acid, 4-amunosalicviic
acid, sebacic acid, stearic acid, succmic acid, tartaric acid, thiccyanic acid, p~-toluenesulfonic

acid, trifluoroacetic acid, undecvlenic acid, and the like,

{0065} “Pharmaceutically acceptable base addition salt” refers to those salis which retain the
biological effectiveness and properties of the free acids, which are not biologically or otherwise
undesirable. These salis are prepared from addition of an inorganic base or an organic hase 1o the
free acid. Salis dertved from inorganic bases include, but are not hmited to, the sodium,
potassipm, Hthium, ammonium, calcium, maghesiom, iTon, Zing, copper, manganese, alumnum

salts and the Hike. Preferred norganic salls are the amwponivm, sodivm, polassium, caleium, and
17
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magnesium salts. Salts derived from organic bases include, but are not limited to, salts of
primary, secondary, and ferfiary amipes, substiuted amunes inchuding naturally occurring
substituted  anunes, cvclic amines and basic 1on exchange resins, such as ammona,
isopropylanune, trimethvlamine, diethylamine, triethylamine, tnipropyvlamine, diethanolamine,
ethanolamine, deanol, 2-dimethylaminoethanol, 2-diethvlaminoethanol, dicyclohexylamine,
Ivsine, argining, histidine, caffeine, procaine, hydrabamine, choline, belamne, benethamine,
henzathine, ethyvlenediarine, glucosamine, wethviglucarnine, theobromine, iriethanolanine,
fromethamine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like
Particularly  preferred organic bases are isopropviamine, diethylamine, sthanolaming,

triroethylamine, dicvelohexylamine, choline and caffeine.

[3066] Crystallization 15 a method commonly used 1o 1solate a reaction product, for example
one of the compounds disclosed herein, in purified form.  Often, crystallization produces a
solvate of the compound of the invention. As used herein, the term “solvate” refers io an
aggregate that coroprises one or more molecules of a compound of the wnvention with one or
more molecules of solvent, typically in co-crystallized form. The solvent can be water. in which
case the solvate can be a hydrate. Alternatively, the solvent ¢an be an organic solvent. Thus, the
compounds of the present invention can exist as a hydrate, mcluding a wmonochydrate, dibydrate,
henvhydrate, sesqguithvdrate, trihvdrate, tetrahvdrate and the hike, as well as the corresponding
solvated forms. The compound of the invention can be trug solvates, while in other cases, the
compound of the mvention can merely retain adventitious water or be a mixture of walter plus

some adventitious solvent,

(66671 The chenucal naming protocol and structure diagrams used herein are a modified
form of the LUP AC nomenclature system, using the AUD/Name Version 9.07 software
program, ChemDraw Ulira Version 1101 and/or ChemDraw Ultra Version 140 and/or
Chembraw Professional 16.0.0.82 software nanung program {CambridgeSoft), or the hke For
complex chemical names emploved herein, a substituent group is named before the group to
which it attaches. For example, cyclopropylethvi comprises an ethyl backbone with cyclopropyl
substituent. Except as described below, all bonds are identified in the chenucal structure
diagraros herem, except for some carbon atoms, which are assumed to be bonded to sufficient

hvdrogen atoms to complete the valency.

{0068 The invention disclosed hersin i3 also meant to encompass the in vive metabolic
products of the disclosed compounds. Such products can result from, for example, the oxidation,

reduction, hydrolvsis, amidation, esterification, and the like of the adwirustered compound,
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primarily due to enzymatic processes. Accordingly, the invention includes compounds produced
by a process comprising admimstering a compound of this invention to a mammal for a pertod of
timne sufficient to vield a metabolic product thereof. Such products are typically identified by
administering a radiolabeled compound of the invention in a detectable dose to an animal, such
as rat, mouse, guinea pig, monkey, or to human, alfowing sufficient time for metabolism to

oceur, and isolating s conversion products from the uring, blood or other biclogical samples.

369] “Stable compound” and “stable structure” are roeant to indicate a compound that is
sufficiently robust to survive isolation to a useful degree of purity from a reaction mixture, and

formulation inio an efficacions therapentic agent.

[0070] As used herein, a “subject” can be a human, non-human primate, manwnal, rat,
mouse, cow, horse, pig, sheep, goat, dog, cal, insect and the like. The subject can be suspected of
having or at risk for having a cancer, such as a blood cancer. or another disease or condition.
Diagnostic methods for various cancers, and the chinical delineaiion of cancer, are known to
those of ordinary skill in the art. The subject can also be suspected of having an mfection or

abnormal cardiovascular function,

{0671 “Mammal” includes humans and both domestic anuimals such as laboratory animals
and household pets {(eg. cats, dogs, swine, catile, sheep, goats, horses, rabbits), and non-

domestic amimals such as wildhfe and the like

[B072] A “pharmaceutical composition” refers to a formulation of a compound of the
invention and a medium generally accepted in the art for the delivery of the biclogically active
compound to mammals, e g, bumans. Such a medium includes all pharmaceutically acceptable

carriers, diluents or exciprents therefor.

73] “An “effective amount” refers (o a therapeutically effective amount or a
prophylactically effective amount. A “therapewticallv effective amount™ refers fo an amount
effective, at dosages and for periods of time necessary, to achigve the desired therapeutic result,
such as reduced tumor size, increased hife span or imgcreased life expectancy. A therapegtically
effective amount of a compound can vary according to factors such as the disease state, age. sex,
and weight of the subject, and the ability of the compound {o elicit a desired response i the
subject. Dosage regimens can be adjusted io provide the optimum therapeutic response. A
therapeutically effective amount 15 also one i which any toxac or detriroental effects of the
compound are outweighed by the therapeutically beneficial effects. A “prophvlactically effective
amount” refers to an amount effective, at dosages and for periods of time necessary, {0 achigve

the desired prophyviactic resulf, such as smaller tumors, mcereased hife span, increased Iife
1%
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expectancy or prevention of the progression of prostate cancer to a castration-resistant form.
Typicaily, a prophylactic dose is used n subjects prior to or at an earlier stage of disease, so that
a prophviactically effective amount can be less than a therapeutically effective amount.
[3074] “Treating” or “treatment” as used herein covers the treatment of the disease or
condition of inferest in a mammal, preferably a human, having the disease or condition of
interest, and includes (but 15 not limited to):
i. preventing the disease or condition fromn occwrring i a mammal, in particalar, when
such manwoal 15 predisposed to the condition but has not yet been diagnosed as

having i

&

inhibiting the disease or condition, i.e., arresting its development;

3. relieving the disease or condition, 1.e., causing regression of the disease or condition
{ranging from reducing the severity of the disease or condition o curing the disease

of condition); or

4. relieving the symptons resulting from the disease or condition, i.e., relieving pain
without addressing the underlymg disease or condition. As used herein, the terms
“disease” and “condition” can be used wlerchangeably or can be different in that the
particutar malady or condition cannot have a known causative agent (so that etiology
has not vet been worked out} and it is therefore not vet recognized as a disease but
only as an wndesirable condition or syndrome, wherein a more or less specific set of

symptoms have been wdentified by clinicians.

[O075] Throughout the present specification, the terms “about” and/or “approximately”™ can
be used in conjunciion with numerical values and/or ranges. The ferm “gbout” 15 understood 1o
mean those values near 1o a recited value. For example, “about 40 [units]” can mean within +
25% of 40 {e.g., from 30 1o 50}, within & 20%, + 15%, & 10%, 4 9%, + 8%, + 7%, + 6%, & 5%, +
4%, + 3%, + 2%, + 1%, less than + 1%, or any other value or range of values thereim or
therebelow. Furthermore, the phrases “less than about [a value|” or “greater than about {a value}”
should be understood in view of the definition of the term “about” provided herein. The terms

“about” and “approximately” can be used interchangeably.

(0876} Throughout the present specification, sumenical ranges are provided for certain
quaniities. It is to be understood that these ranges comprise all subranges therein. Thus, the
range “from 50 to 807 includes all possible ranges therein {e.g., 51-79, 52-78, 53-77, 34.76, 55~

26



WO 2017/197045 PCT/US2017/032040

75, 60-70, efc). Furthermore, all values within a given range can be an endpoint for the range
encompassed thereby {e.g, the range 50-80 includes the ranges with endpoints such as 55-80,

30-75, etc. ).

[B877] Following below are more detailed descriptions of various concepis related to, and
embodiments of, inventive methods for Convergent and Biomimetic Enantioselective Total
Synthesis of (—3-Communesin F. ¥t should be appreciated that various concepis introduced
above and discussed in greater detail below roay be tmplersented in any of nurserous ways, as
the disclosed concepts are not limited to any particular manner of implementation. Examples of

specific implementations and applications are provided primanly for tHlustrative purposes.

[0078] In one embodiment, the present disclosure relates to compounds of Formuda (I

Formula (1)

or a pharmaceutically acceptable salt, tautomer or sterecisomer thereof s described, wheren:

R' R, and R* are each independently selected from H, {-Cy, alkyl, €5-Cyy alkenyl, Co-C5s
alkynyl, LEOIR®, CCEONRRY, WSE=0LRE, aryl, heferoarvl, carbocyelvl, or heterocyclyl,
wherein R and R taken together with the carbon atoms to which they are attached form an aryl,
heteroarvl, carbocyclic, or heteroevclic ring:

R” and R’ are each independently selecied from F, Cl, Br, , -OH, SOR” -OUEMRY, -8=0LRY,
NRIRY, C-Cyp alkyl, Co-Cop alkenyl, Co-Cp alkynyl, arvl, heteroarvl, carbocyelvl, or
heterocvelyl:

R® is independently H. -OH, -OR’, -OCEOWR’, -S(=0) R, -NRORY, €-Cp alkyl, €Oy alkyl,
Cr-Cyp alkenyl, To-Cyy alkvnvt aryl, heteroaryl, carboeyclvl, or heterocyelvi;

R’ and R® are each independently selected from H. Ci-Cp alkyly Co-Crr atkenyl, Ca-Crs
alkynyvl, -C=0R”, CEOINR'RY, -S=00,RY, -OH, -OR", -OCEOIRY, NRRY, arvl,
heteroarvl, carboeyclyl, or heterocyclyl, wherein two R or two RY groups taken together with the

carbon atoms to which they are aftached form an arvl, heteroaryvl, carbocyvelie, or heterooychic
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ring;
R’ and R' are each independently selected from H, C-Cip alkyl, Co-Ciz alkenyvl, Co-C o alkynvl,
aryl, heteroaryl, carbocyclyl, ot heterocyelvl, wherein R” and R' taken together with the carbon
atoms to which thev are attached form an arvi, heteroarvl, carbocyclic, or heterocyclic ring;
RY s 0y alkyl, CCyr alkenvl C-Crp alkynyl, aryl, heteroaryl, carboeyelyl,
heteroeyelyl, «(CH)LSiMes, ~(CHLLR,
m and 1 are each independently an imteger from G 10 3;
1, 1, 8, and v are each independently an integer from 0 1o 4; and
uis 0, 1, or 2;
with the following provisos:
O OM
when R is}‘J\R” , wherein R' is Me, Ei, n-Pr, W\Me, or Wi‘v‘ie
R is Me:
m, n, r, and s are §;
tand uare 1 then

Me Me
oi(
Ris not ;and
O

;.‘},_J\Rn i T e A
when R is , wherein R 15 Me;
R® is Me;
m, n, r, and 8 are 0;

tand u are 1; then

Me Me
|
R"is not \Ei - and
O
when R is }LJJ\ R"™  wherein R is Me, OE'WMG;
RYis H;

m,n, 1, and s are O

tand u are 1; then

Me Me
oi(
Ris not cand
O
when R is }"J\R“ . wherein RV mWMe;
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R*is -CHO;
m,n, 1, and s are O

tand yare 1, and

Me Me
Oit
R"is not
[0079] In another embodiment, the present disclosure relates to compounds of Formula (T):

Formula (1)

or a pharmaceutically acceptable salt, tautomer or sterecisomer thereof s described, wheren:

R' R, and R* are each independently selected from H, {-Cy, alkyl, €5-Cyy alkenyl, Co-C5s
alkynyl, ~CEOIR, -CEOINRIRY, -8(=03,RY, arvl, heteroaryl, carbocvelvl, or heteroeyelyl,
wherein R and R taken together with the carbon atoms to which they are attached form an aryl,
heteroarvl, carbocyclic, or heteroevclic ring:

R” and R’ are each independently selecied from F, Cl, Br, , -OH, SOR” -OUEMRY, -8=0LRY,
NRRY, C-Cyp alkyl, C-Cop alkensl, C-Cp alkynyl, arvl, heteroarvl, carbocyvelvl, or
heterocvelyl:

R® is independently H. -OH, -OR’, -OCEOWR’, -S(=0) R, -NRORY, €-Cp alkyl, €Oy alkyl,
Cr-Coz alkenvl, C2-Cor alkynvl aryl, heteroary!, carboeyelvl, or heterocyelvl;

R’ and R® are each independently selected from H, C;-Cyp alkyl, Cp-Cyp alkenyl, C-Cpz
alkynyvl, -C=0R”, CEOINR'RY, -S=00,RY, -OH, -OR", -OCEOIRY, NRRY, arvl,
heteroarvl, carboeyclyl, or heterocyclyl, wherein two R or two RY groups taken together with the
carbon atoms to which they are aftached form an arvl, heteroaryvl, carbocyvelie, or heterooychic
ung;

R’ and RY are each independently selected from H, €1-Cy, alkyl, €0-Cyy atkenvl, Co-C s alkvayl,
aryl, heteroarvl, carbocyclyl, or heteroevelyl, wherein B and B' taken together with the carbon
atoms to which they are attached form an arvi, heteroaryl, carbocyclic, ot heterocvclic ring;

RY is C-Cp alkyl CpCp alkenvi, (o-Cp, alkynyl, arvl, heteroarvl carbocyelyl,
23
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heterocyelyl, -(CH, )Y SiMes, {(CH R

m and t are each independently an integer from 810 3;

n, t, s, and v are each mndependently an integer from 0 to 4; and

uis O, 1, or2;

with the proviso that the compound of Formuda (1) is not (-)}-communesin A, {-}-commumesin B,
{~commmunesin €, (+commumesin D, (~communesin B, {(~)-commumesin F, (—)~communesin
G, or {(—)-communesin H.

{30891 In various embodiments of Formuia (1) compounds, R® is H, €-Cyy alkyl, C-Cpa
alkenyl, arvl, heteroaryl, carbocyelvl, or heteroeyclyl. In other embodiments, R is H, -CE=OR’,
C-C1p alkyl, aryl or heteroaryl. In some embodiments, R is H, C~Cpy alkyl, or -S=0)R",
wherein R is Ph or {CHRSiMe;. In other embodimenis, R” and R” are each mdependently F,

Br, CL 1, €-Cyp alkyl, arvi or heteroaryl

R? R RO R
| )V
{33811 In various other embodiments of Fornmuda (1) compounds, R s , OF X
and wherein X is O, NR’, or -S§(=0),R'%. In still other embodiments, R is -C(=0R". In some
OH

?{)\/\Me. i

?j\/\/\Me )

embodimenis, R’ of a ~-C{=MR’ group is Me, Ei, #-Pr, or o]

10
R9 R1O RQR
\Ei \’_jt/(
. . G - X . - - amg o 17
various erobodiments, R” is ,Of . wherein X is O, NR® or ~b(=0)uR‘z )

[B0R2] In ancther embodiment, the present disclosure relates to a pharmaceutical
composition comprising a compound of Formola {§) and a pharmacentically acceptable
excipient.

3683] In one embodiment, the present disclosure relates 1o compounds of Formula (V)

NR™ H

Formula (V)

or a pharmaceutically acceptable salt. tautomer or stereoisomer thereof is described, wherein:
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R* is independently selected from H., -Cy,,  alkvl  C-Cyp  alkenyl, C-Cp
alkvoyl, ~CEOWR, -CEOINRIRY, -8E=0)RY, anvl, heteroarvl, carboeyelyl, or heterocyelvl,
wherein R* and R taken together with the carbon atoros to which they are attached form an arvl,
heteroarvl, carbocyclic, or heterocyclic ring;

R” and R are each mdependently selected from F, CE Br, I, -OH, -OR’, n(}()(=:{))R9, -S¢=0,RY,
NRRY, €0y alkyl, C-Cp alkenyl, C-Cop alkynyl aryl, heteroaryl, carbocyelyl, of
heterocycivl

R" is independently H, -OH. -OR”, -OCEOR’, -8=0)RY, NR'RY (,-Cyy alkyl, €,-Cyy alkyl,
Co~Cyz alkenyl, Co-Cyp alkynyl arvl, heteroarvl, carbocvelyl, or heterocyclyl,

R and R are each independently selected from H, €-Cp allyl C-Cpy alkenyl, Co-Cyo
allynyl, -CEOIRT, -CEONRTRY, -SE=0LRY, -OH, -OR). -0CEOR”, -NRRY avl,
hetercaryl, carbocyelvl, or heterocyclyl, wherein two R or two R® groups taken together with the
carbon atoms {0 which thev are attached form an aryl, hetercarvl, carbogychic, or heterocyclic
nog;

R” and R' are each independently selected from H, C-Cp» alkyl, C-C s alkenvl, €o-Cy; atkvayl,
aryl, heteroaryl, carbocyelyl, or heterocyelvl, wherein R” and R'® taken together with the carbon
atorns to which they are attached form an arvi, heteroarvl, carbocychic, or heterocvelic ring:

RY s OCpr oalkyl, CoCyr alkenvl Co-Cpp alkynyl aryl, heteroaryl carboeyelyl,
heterooyclyl, «{(CH;)SiMe;, ~{CHL)LR,

0 0 0 0 JOI\
25 s %OtBu’ %kOCHZPh_’ %Ph_ﬁ_J\Meg % CFy -#CHoPh  SOR™.

R i -OH, -OR, -NRRY. $(03RY. or FIOYOR,
m and t are each independently an integer from 810 3;
n, t, s, and v are each mndependently an integer from 0 to 4; and

uis O, 1, or 2.
0O
2 }
1]
35 o
[3084] inn one emmbodiment, -SEOR s O ,
[B0RE] In one embodiment, the prasent disciosure provides a method of {reating a disease or
condition comprising admimstering an effective amount of a compound of Fornuida (1), or a

pharmaceutical composition thereof 1o a subject. In one embodiment, the subject is a mamynal.

In another embodiment, the mammal 15 a hurman.
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{0086] In some embodiments, the disease or condition being ireated with a compound of
Formula (1) 1s cancer.  In other embodiments, the cancer is a cancer of the blood. In vanious
other embodiments, the cancer of the blood 1o be ireated can be selecied from leukenuas,
tymphomas, Hodgkin's disease, myeloma, acute lymphocytic leukemia {ALL), acute myeloid
leukemia (AML}, acute promyelocytic leukemia {APL}, chronic lymphooytic leukemia (CLL3,
chronic myeloid feukemia (CML), chronic neutrophilic leukenta {CNL), acute undifferentiated
feukemia {AUL). anaplastic large-cell Ivmphoma (ALCL), prolymphocviic leukenua (PML),
juvenite myelomonocytic leukemia (IMML), adult T-cell ALL, AML, with uiimeage
myelodysplasia {AMLITMDS), mixed lincage leukemia {MLL), myvelodvsplasiic svadromes
(MDSs), myeloproliferative disorders (MPD), and multiple myveloma (MM} In particudar
embodiments, the cancer of the blood is histiocyiic leukemia, monocytic feukemia, Burkit's

tvmphoma, Hodgkin’s™ lvmphoma, T-celi leukenua, or B-cell leakemia,

{0087} {Cancers of the blood, also termed hematologic cancers, begin in the blood forming
fissue, such as bone marrow, or 1 celis of the inwoune sysiem, and affects the production and
function of blood cells. These abnormal blood cells, or cancercus cells, pravent the blood from
performing many of its functions, like fighting oftf mfections or preventing senious bleeding.
Mutated forms can be resistant to currently available treatments, thus discovery and development

of novel therapeutic agents is of critical importance.

[B0RR] In other embodiments, the disease or condition being treated with a compound of
Formuuda (1), or pharmaceutical compositions thergof is a bacterial infection. Bacterial infections
can be gram-postiive or gram-negative with either tvpe capable of high pathogenicity. In some
embodiments, the treatroent is for graro-postiive infections. In other embodiments, the treatment
is for gram-negative infections. In more specific embodiments, the bacterial infection treated is

an  wfection of Fscherichia coll, Kiebsiella preumoniae, Fseudomongs aeruginosa,

dcingtobacter baumanil, Neisseria gonorrhoeae, or Bacilius subtilis,

{BOR9] Drug-resistant Gramenegative infections, such ay Klehyiella, Pseudomonas, and
Acinetobacter, have emerged as major concemns i hospitals, nursing homes, other healtheare
settings, and more recently in the community. These types of infections disproportionately atfect
the very ill and the elderly, and ofien there are limited or no treatment options. The coropounds

of Fornmla (1) are suitable for freating such infections.

{0090] In other embodiments, the disease or condition being treated with a compound of
Formula (1), or pharmaceutical corapositions thereofl 13 a fumgal infection. Tn one embodiment,
the fungal wnfections occur in subjects with a normal romune svstems. 1o other embodiments,
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the fungal mfections occur in subjects with weakenad tmynune systems. In other embodiments,

the imfection ocours on the skin, nails, genitals, esophagus, or other internal organs. To particudar

Ny o

embodiments, the fungal infection treated with a compound of Formula (1) 15 a fungal mfection
of Candida albicans, Trichophvion mentagrophyies, or Amorphotheca resinge.  In other

embodiments, treatment of the fungal infections is by oral dosage or topical admunistration.

[6691] In another embodiment, the disease or condifion being treated with a compound of
Fornwda (I}, or pharmaceutical compositions thereof 13 a viral imfection. In one particular

7

embodiment, the viral infection 1s Herpes simplex tvpe L

[0092] In other embodiments, the disease or condition being treated with a compound of
Formula (I), or pharmaceatical compositions thereof s abnormal cardiovascular function. Tn one

embodiment, the abnormal cardiovascular function 1s bradveardia.

(093] In yet another embodiment, insect infestations arve treated with a compound of
Formmila (I}, or an insecticidal composition thereof. In one specific embodiment, in the insect
infesiation to be (reated s sithworms at the third instar larval stage. The third instar is a
development stage of arthropod larvae characierized by changes i changes 1o body proporiions,

colors, paiterns, number of body segments, and/or head width.

{0094 In various embodiments, the present disclosure is directed to svnthetic methods
wncluding the expedient diazene—directed assembly of two advanced fragments descnibed herem,
to secure the congested C3a-C34a' inkage of the conwnunesin frarnework n three steps, followed
by a highly efficient aminal reorganization to access the heptacyclic communesin core in only
two additional steps. Enantioselective syntheses of the two fragments were developed, with
highlights mcluding the catalytic  asymunetric  halocychzation and  diastereoselective
osyamination reactions of tryptanune derivatives, a stereoselective sulfiniraine allylation, and an
efficient cyclotryptamine-C3a-sulfamate synthesis by either a new silver-promoted nucleophilic
amunation or a rhodium—catalyzed C-H amunation protocol. The versatile synthesis of the
fragments, their stereocontrolled asserobly, and the efficient anunal—exchange as supported by n
sity monttoring experiments, in addition to the final stage N1'-acylation of the communesin core

provide a highly convergent synthesis of commmesing.

[3095] In one embodiment, the present disclosure provides a method of making compounds

of Formula (I) by a rearrangercent of cormpounds of Formula (V)
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(0096} In another embodiment, the present disclosure provides a method of making

compounds of Formula (V) by a radical recombination reaction of Fornuda (VI

13
& (R) (—R™ H
HoWN r
RS (R") NSO,R 2
Py
N=N
R14
N
5
(R )m \R4 R2

Formula (VI)

00971 In another embodiment, the present disclosure provides a method of making

compounds of Formula (VI} by the extrusion of sulfur from compounds of Formula (Vi

Formula (VII)
[30938] In still another embodiment, the present disclosure provides a method of making
compounds of Formadda (VI by a nucleophilic substitution reaction between a compound of
Formuida (1) and a compound of Formula (V)

W)

RS

Ry ke

Formula (IIT) Formula (VIII)
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HEESY In one embodiment, the first bionumetic enantioselective total synthesis of
{~}-communesin F based on a late~-stage heterodimernization and aminal exchange is provided. It
is to be understood that these methods and approaches can be generalized and applied to the

synthesis of a variety of compounds, such as those represented by Formula (1)

Me
(-=)-communesin F

[GG108]  In various embodiments, the pharmaceutical compositions of the present disclosure
can be formulated for admimstration by a variety of means meluding orally, parenterally, by
inhalation sprav, topically, or rectally wn formulations countaining pharmaceutically acceptable
carriers, adjuvants and vehicles. The termo parenteral as used here includes subcutaneous,
mtravenous, intrantuscular, and intraarterial injections with a variety of infusion techniques.

Intraarterial and miravenous njection as used herein includes admunistration through catheters.

[00103]  The effective amount of a compound of Formula (I}, pharmaceutically acceptable
salts, esters, prodrugs, hydraies, solvates and isomers thereof, or a pharmaceutical composition
comprising a compound of Formula (I} or a pharmaceutically acceptable salt thereof may be

determined by one skilled in the art based on known methods.

001921 In one embodiment, a pharmaceutical composition or a pharmaceutical formuldation of
the present disclosure comprises a compound of Formula (1) or a pharmaceutically acceptable
salt thereof, and a pharmaceuwtically acceptable carrier, diluent, and/or excipient.
Pharmaceutically acceptable carriers, diluents or excipients include without hmutation any
adjuvant, carrier, excipient, glidant, sweeterung agent, diluent, preservative, dye/colorant, flavor
enhancer, surfactant, wetling agent, dispersing agent, suspending agent, stabilizer, isotonic agent,
solvent, or emudsifier which has been approved by the United States Food and Drug

Admunistration as being acceptable for use 1o hunans or domestic animals.

[66103]  In one emsbodiment, suiiable pharmaceutically acceptable carriers include, but are not
fimited to, inert solid fillers or diluenis and sterile aqueous or organic solutions.
Pharmaceutically acceptable carrters are well known to those skilled m the art and include, but
are not limited to, from about 0.01 to about 0.1 M and preferably ¢.05M phosphate buffer or
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{3.8% saline. Such pharmaceuticaily accepiable carriers can be agueous or non-agqueous soiulions,
suspensions and emulsions. Examples of non-aqueocus solvents suttable for use i the present
application include, buf are not linuted 1o, propviene glycol, polyethylene glveol, vegetable oils

such as olive oil, and injeciable organic esters such as ethvl oleate.

[G0104]  Aqueous carriers suitable for use in the present application include, but are not
himied to, water, ethanol, alcoholic/aguecus solutions, glycerel, emudsions or suspensions,
mcluding saline and buffered media. Oral carriers can be elixars, syrups, capsules, tablets and the
like.

[00105]  Liquid carriers suitable for use in the present application can be used in preparing
solutions, suspensions, emulsions, svrups, ehixirs and pressurized compounds. The active
ingredient can be dissolved or suspended in a pharmaceutically acceptable liquid carrier such as
water, an orgamic solvent, a muxture of both or pharmaceutically accepiable oils or fais. The
hquid carrier can contain other suitable pharmaceutical additives such as solubilizers,

emulsifiers, buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickemng

&

agents, colors, viscosity regulators, stabilizers or csmo-regulaiors.

{06106] Liquid carriers suitable for use in the present application include, but are not limited
to. water (partially containing additives as above, eg cellulose derivatives, preferably sodium
carboxymethyl cellulose sohution), alcohols {including wmonohyvdne aleohols and polvhvdric
alcohols, e.g. glycols) and theur denvatives, and oils {e g fractionated coconut o1l and arachs
oil}. For parenteral administration, the carrier can also include an oily esier such as ethyl oleate
and isopropyl rovisiate. Sterile ligmd carriers are useful in stende lignd form comprising
compounds for parenteral adrirustration. The lqud carrier for pressurized conpounds disclosed

herein can be halogenated hydrocarbon or other pharmaceutically acceptable propeliant.

[00107]  Solid carriers suitable for use in the present application include, but are not imited to,
mnert substances such as lactose, starch, glucose, methyi-cellulose, magnesium  stearate,
dicalcium phosphate, mannitol and the like. A solid carrier can further mmclude one or wore
substances acting as flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants,
compression aids, binders or tablet-disintegrating agents: i can also be an encapsulating
material. In powders, the carrier can be a finely divided sohd which 13 in admixture with the
finely divided active compound. In tablets, the active compound is mixed with a camrier having
the necessary compression properties in suitable proportions and compacted in the shape and size
desired. The powders and tablets preferably contain up to 99% of the achive compound. Suiable
solid carmers mclude, for example, calciom phosphate, magnesium stearate, talc, sugars, actose,
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dextrin, starch, gelatin, cellulose, polvvinvipyrrohidine, low melting waxes and ion exchange
resins. A tablet roay be mwade by compression or molding, optionally with one or more accessory
ingredients. Cornpressed tablets may be prepared by compressing i a suitable machine the
active ingredient in a free flowing form such as a powder or granules, optionally mixad with a
binder (e.g., povidone, gelatin, hydroxypropyimethvl celiuose), lubricant, mert diluent,
preservative, disintegrant {e.g., sodium starch glveolate, cross-linked povidone, cross-linked
sodiurg carboxymethvi cellulose) surface active or dispersing agent Molded tablets mayv be
made by molding in a suitable machine a nuxture of the powdered compound moistened with an
mert liquid diluent. The tablets may optionally be coated or scored and may be formulated so as
to provide slow or conirolled release of the active ingredient therein wsing, for example,

hydroxypropyi methyiceliulose in varving proporiions 1o provide the desired release profile.
Tablets may optionally be provided with an enteric coating, to provide release in parts of the gut

other than the stomach.

{66108] Parenderal carriers suttable for use in the present application mclude, bul are not
timited to, sodium chioride solution, Ringer's dextrose, dexirose and sodium chloride, laciated
Ringer's and fixed oils. Intravenous camriers inchide fluid and nuirient replenishers, electrolyie
replenishers such as those based on Ringer's dextrose and the hike Preservatives and other
additives can also be present, such as, for example, antimicrobials, antioxidants, chelating

agents, inert gases and the like.

[60109]  (arriers suitable for use in the present application can be mixed as needed with
disiniegrants, diluents, granulaiing agents, lubricants, binders and the hike using conventional
echmques known mn the art The camers can also be sterilized wsing methods that do not

deleteriouslty react with the compounds, as is generally known in the art.

[00118]  Diluents mav be added 1o the formulations of the present invention. Diluents increase
the bulk of a solid pharmaceutical composition and/or combination, and may make a
pharmaceuiical dosage form contaiming the composition and/or combination easier for the patient
and care giver to handle Diluents for solid compositions and/or combinations include, for
example, microcrystalline cellulose {e.g, AVICEL), mucrofine celhulose, lactose, starch,
pregelatinized starch, calcium carbonate, calciom sulfate, sugar, dextrates, dexirm, dexirose,
dibasic calcium phosphate dihvdrate, tribasic calcium phosphate, kachn, magnesium carbonate,
magnesium oxide, maliodexirin, mannitol, polymethacrylates {e.g., EUDRAGIT{)), potassium

chioride, powdered cellulose, sodium chloride, sorbitol, and talc,
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{66113 The pharmaceutical composition of the present invention may be prepared info any
type of formulation and drug delivery sysiem by using any of the conventional methods well-
known in the art The mventive pharmaceutical composition may be forroulated nto mjeciable
formuiations. which may be administered by routes including indrathecal, intraventricular,
intravenous, intraperitoneal, intranasal, intraccular, intramuscular, subcutaneous or miraosseous.
Also, it may also be administered orally, or parenterally through the rectum, the intestines or the
mucous membrane i the nasal cavity {see Genmaro, A R, ed. (1995} Renungtow's
Pharmaceutical Sciences). Preferably, the composition is administered fopically, instead of
enterally. For instance, the composilion may be injected, or delivered via a targeted drug delivery

svatem such as a reservoir formudation or a sustained release formudation.

{00112] The pharmaceutical formulation of the present invention may be prepared by any
well-known methods 1 the art, such as mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes. As mentioned
above, the composttions of the present nvestion mav nclude one or more physiologically
acceptable carriers such as excipients and adjuvants that facilitate processing of active molecules

into preparations for pharmaceutical use.

[08113]  Proper formulation 18 dependent upon the route of admunistration chosen. For
inyection, for example, the composition mav be formulated in an aqueous solution, preferably in
physiclogically compatible buffers such as Hanld's solution, Ringer's solution, or physiological
saline buffer. For transmucosal or nasal adminisiration, penetrants appropriate to the barrier to be
permeaied are used in the formudation. Such penetrants ave generally known in the art. In a one
embodiment of the present 1ovention, the mventive compound may be prepared in an oral
formulation. For oral adminustration, the compounds can be formulated readily bv combimng the
active compounds with pharmacentcally acceptable carriers known 1o the art. Such carriers
enable the disclosed compound 1o be formulated as tablets, pills, dragees, capsules, quds, gels,
svrups, shurries, suspensions and the like, for oral ingestion by a subject. The compounds may
also be formuidated in rectal compositions such as suppositories or retention enemas, e.g.

contamning conventional suppository bases such as cocoa butter or other glveerides.

[661314] Pharmaceutical preparations for oral use may be obtaned as sold excipientds,
optionally grnding a resulting nuxture, and processing the mixture of granules, after adding
suitable adjuvants, if desired, to obiain iablets or dragee cores. Suitable excipients mav be, in
particuiar, fillers such as sugars, including lactose, sucrose, mannitol, or sorbifol; cellulose

formulation such as maize starch, wheat starch, nce starch, potato starch, gelatin, gum
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tragacanth, methyl celludose, hydroxypropvimethvi-cellulose, sodium carboxvmethvicellulose,
and/or polyvinvipyrrohdone (PVP) formulation. Also, disintegrating agents may be emploved,
such as cross-linked polyvvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium

alginate. Also, wetting agents, such as sodium dodecyl sulfate and the like, may be added.

[30115] Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar  solutions may  be wsed, which may optionally contain  gum  arabic, tale,
polyvinylpyrrolidone, carbopol gel, polvethvlene glyeol, and/or titamnum dioxade, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dvestuffs or pigmenis may be added
to the tablets or dragee coatings for identification or to characterize different combinations of

active compounds doses.

[0 116] The present disclosure 15 in varnous embodiments direcled to a unified and
convergent approach 1o the communesin alkaloids involving the stereoconirolled oxidative union
of two disstmular tryptamine denvatives followed by reorganization of a {3a-C34' linked

heterodimer, reminiscent of the pathways leadmg to the related calveanthoids (Scheme 1)

Lod
Lod
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061171 This method mvolves the directed and stereoconirolled umion of two dissimilar
fragments followed by selechive reorgamzation of a €3a-C3a’ linked heterodimer 19 1o a single

constitutional isomer consistent with the comnumesin skeleton (Scheme 2).

Scheme 2. Retrosynthenc Analysis of (—)-Commumesin F (1)
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[66118]  Ag illustrated in the retrosynthetic analysis of (&)-conwnunesin F (1, Scheme 2}, one
embodiment of the refrosynthetic design is focused on the efficient assembly and reorganization
of a kev heterodimeric intermediate 28, We envisioned hexacvele 28 (Scheme 2} to serve as a
surrogate {or the intermediate 15 (Scheme 1), We anticipated the NR®'-sulfonanude would ginde
the operung of the (8a'-aminal to present the CRa'-imune for Nl-addition. Furthermore, we
projected the ionization of the C8a-nitrife would offer the C8a-imininium ion needed for aminal
forraation via N&-addition. The challenging C3a-C3a" hinkage of heterodimer 28 requured a
directed and stereocoutrolled union of a cyclotryplamine fragment 21 and aurantioclavione
derivative 22 to simulianeously secure the two critical quatemary stereocenters. Our diazene-
based strategy for directed complex fragment assembly provided the essential framework o
explore this exciting and convergent approach to {—}communesin F (1), While we beheve the

C8a'-stereachenusry of the cyclotryplamine moiety may guide the desired (3a'-stereochemical

34



WO 2017/197045 PCT/US2017/032040

outcone in this union, the potential level of stereochenucal contral at C3a during carbon-carbon
bond formation was not known, We envisioned the synthesis of complex heterodimenc diarzene
23 from tncyclic anunes 24 and 28 as tryptanune-surrogates necessary for securing the C3a-

C3a linkage (Schems 2}.

Formula (11} compounds, exemplified by iricychic indoline 28 (Scheme 3), can be
prepared according to the methods described herein and used for the svnthesis of compounds of
- ot ol pl2 pl : -

Formula (1), wherein B2, R, B, RY 1y s, and t are each defined herein. The general strategy

-

and representative examples are highlighted in Schemesg 3-5

(R,
Formula (IT)

Scheme 3. Strategies for Synthesis of Tricyele 28
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amviination am;na ion
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{66119 The synthesis of (—}communesin F (1) coromenced with the preparation of the two
kev tricyclic amines 24 and 25 requured for the assembly of critical diazene 23 (Scheme 23 Two
approaches to the synthesis of the (3g'-amino cyclottyptaming 28 and the corresponding
sulfamate 27 (Scheme 3} were pursued. In the fivst approach, motivated by the potential for
effictent access {0 enantiomerically enriched (3a-halocyclotryptamine derivatives, a

nucleophilic C3a-amination (Scheme 4} was vsed. The second approach to amine 25 relied on

(S
<8

Du Bois amination {Roizen, J L Zalatan, T N, Du Bois, 1. Angew. Chem. Tne Bd 2613,

11343)of cyclotrypranune 28 to secure the sulfamate 27 (Scheme 5).
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{66128]  One of skill in the art will appreciate that by selection of appropriately substituted
starfing waterials, other cyclotrvptamane compounds of Formula (JI) can be prepared by

analogous methods.

{01211 Given the versaulity of cyclotryptanune—sulfamates as  precursors o the
corresponding mixed sulfamides, an efficient synthesis was developed 1o access sulfamaie (+)-31
and related derivatives starting with  C3a-bromo-cyclotryptanune (#3289 {Scheme 4}
Enantioselective bromocyclization of NaChz-N{-benzenesulforwyi-tryptamine catalyzed by (5)-
3,3"-bis{2.4 6-trusopropyl-phenyi}- 1 U-binaphthyl-2 2'-divi hydrogenphosphate (TRIP) afforded
{3a'-bromocyclotrvptamine ()28 1n 93% vield and 96% enantiomeric excess. Significantly,
electrophilic  activation of the (tricyclic bromude (#3239 in the presence of 2.6-
difluorophenvisulfamate provided the desired sulfamate (+)-31 10 63% vield (Scheme 4). The
use of 2 6-difluorophenvisuifamate as a nucleophile to trap an intermediate {3a'-elecirophiie 38
provides a new and expedient route for the directed synthesis of complex diazenss. While this
new single~step synthesis of C3a'-sulfamates from the correspondimg C3a'-bromides offers a
concise solution 1o the desired precursors, ifs uftlity in conversion of the more acid sensitive fers-
butyl carbamate substrate 26 to sulfamate 27 gave capricious and mferior outcomes (~50%

yield).

Scheme 4, Concise Synthesis of Sulfamate (+3-31°

Y o0 u
. \\‘\T’”’\o‘b‘NH2
bf‘fﬁw a | F o
E\:\’ NChz T P T -
N H { %NCJZ
SOPh N E?
{(#)-28, 86% e ag  SOkFh

“Reagents and conditions: (a) AgSbFe, 2,6-di~feri-butvi-4-methyipyridine, 2,6~

diftuorophenylsulfamate, CHy(Y,, 23 °C, 63%.

[00122] An alternate approach for the synthesis of ferr-butyl-carbamate denvative 27
relied on the C-H amumation chemistry illustrated in Scheme 5. Mild reduction of
bromocyclotrvptophan ()32 provided the desired C3a'-H cyelotryplophan (+3-33 in 95% vield.
Subseguent decarboxylation furrashed cyclotryptarnine (+3-28 1 69% yield Under optimal
conditions, a Rh-catalyzed C-H amunation of cvclotryptamune (+3-28 afforded the desired

sulfamate (+3-27 1o 39% vield after recrystallization. This three-step sequence efficiently
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generated gram quantities of {+)-27 from the readily available bromocyclotryptophan (+3-32 as
an activated {form of C3a'-ammocyclotryptamine 28 (Scheme 2} that is ready for coupling with

trnicyelic amine 24 for diavene synthesis,

Scheme 8, Gram-scale Synthesis of Sulfamate (+3-27°

o ()82, =8 (128
L.

95% Lo (+)-33 R = H

“Reagents and conditions: {a) {Me;SinSiH, EGB, air, 23 °C, >99:1 dr: (b) (i) KOH {aq),
MeQOH, CHCL, 23 °C, iy NN N N'etramethyichloroformamidmiom
hexafluorophosphate, thiopyridine N-oxide, 4-(NV N-dimethyiaminoypyridine, EisN, THF,
~BuSH, hy, 23 °C; {¢) Rhulesp),, HoNSOsAr, PhI{OAC),, PR{CH:)L,CCOH, MgO, A~
MS, i-PrOAc, 23 °C; Ar=2 6-difluorobenzene.
[001231  Compounds of Formula (1T, exemphified by 24 (Scheme 6) can be prepared
according to the methods described herein and used for the synthesis of compounds of Formula
(I3, wherein Ry, R* R® R® RY R™ m. r and u are each defined herein. The general strategy

and representative examples are found 1in Schemes 6-8

(R5 ) m \R4
Formula (III)

Scheme 6. Strategies for Synthesis of Tricycle 24

™, Me
NHBoc ~ Me £Bu
stergoselective stereosslective Br N «S}
f}‘(\ié*ﬁ ination 7o Nz aliviation
)/i: j l E Iy ,53 CN :>
G la-N PN O3a-C
34 BOL, 24 Me
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{06124] The synthesis of a derivative needed to vumic fragment 22, necessary for the
disclosed approach {o (—-communesin F {1}, 15 not known. Accordingly, the present inventors
developed an enantioselective synthesis of a tricyclic mdermediate that would allow for
implementation of our synthetic strategy {Scheme 2} The tricyelic anunonitrile 24 offered the
necessary C3a-amine for diazene svnthesis and the CZ-aminonitrile to alfow for muld generation
of the corresponding C2-uvuniurn fon needed for amimal synthesis. Two siralegies were
developed to access the key imtermediate 24 as lustrated 1 Schewse 6 The first strategy
involved tryptanune 34 as the substrate for the application of Yoon's oxyamination chemistry,
while the second strategy utilized rers-buiyl solfinimine 38 and Ellman’s asymmetric allylation
of such substrates.

!

Scheme 7. Oxvamination Approach to Tricycle (+)-24°

(+)-24 Q[ (3-40, R =pNs o (38, R=H
70%losm (o4t R= M 83%L-3(2)-38, R = CHO

“Reagents and conditions: {(a} 1,1-dimethylallvi alcohol, PAQAC):, Plo-tol)hs, BN,
MeCN, 95 °C; (b) 3,3-dimethvi-2-{p-nitrobenzenesulfonyl3-1,2-oxaziridine, Cully, n-
BuyNCL CHCL;, 21 °C, 89:11 dr; {o) PACL{MeCUN),, MeCN, 82 °C; (d) (1) i-Bw:AlH,
THF, 0 °C, (1) 1, &-diazabicyclo]|5.4.0jundec-7-ene, MeOH, 21 °C; (e} Acd, HCOH,
pyridine, CHLCL, 21 °C; (N NaBH,, TFA, THF, 0 °C; {g) PhSH, K, CO;, DMF, 50 °C;
{h} Me:SiON, (F0RCHOH, H,0, 21 °C,; p-Ns = para-nitrobenzenesuifonyl.
{66128 The oxyamination_route to aminoniinle 24 commnenced with a Miroroki-Heck
reaction of bromoindole (+3-34 with 1,1-dimethyialivl alcohol to provide allvlic alcohol (-3-36.
Despite early reservations regarding possible competing C9-Cl0-oxvamination of vinyl indole (-~
336 in place of the desired C3a-CRa-oxyamunation, ligher levels of diastercoselection for the

oxvamination of the more advanced substrate (—)-36 (Scheme 7) were observed. The use of
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stoichiometric copper{ll} chioride faciitated the reaction and gave oxaroline {-)-37 in 8% vield
{8311 dr). Treatment of alcohol (—-)-37 with bis{acetonitnile)dichloropaliadiom(tl} in acetominle
{0 form the desired arepane (85% vield) followed by removal of the chiral awahary (88% yield)
provided the dasired indoline (-}-38. The formyiation of indoline (-}-38 1o give formanude {-)-
38 (83% vieldy followed by muld reduction with sodium borchydride in the presence of
rifluorcacetic acid gave the desired N-methyhindoline ()48 (73% vield). Exposure of
sulfonanude (—)-40 to thiophenol and potassiurn carbonate led o removal of the para-
nitrobenzenesulfony! group and the isolation of the stable oxazolidine {-}-41 in 70% yield
Given the propensity of oxazolidine (-341 and amunonitrile (+)-24 toward elimination of the
Cla~amino group under strongly acidic or basic conditions, we developed mild hydrolveis
conditions o allow for cvanation of a transient € 2-hemamunal leading to aminonitrile (+)-24 in
52% vield in addition to the C2-epimer {26%). While this approach provides flexibility for the
late-stage niroduction of various NB-substituents and establishes the Cla-stercochemistry, the
challenge in unraveling the oxarolidine substructure prompied our mvestigation of an aliemnate

route to aninontirite {(+3-24 (Schame 63 mvolving C3a-C bond formation.

Scheme 8, Suifinimine Allvlation Approach to Tricycle (+)-247

st (+)“44' X = OH
, 82 /0:___*(.;%45, X = NHBoc
ld, £8%

“g L OH H
\/ BooN

| -Bu
Q\\'ﬁ /> E.-g g

§ X
Y . e . M
& {+1-48 {+1-24

“Reagents and conditions: (a) allyiMegBr, MeBr,, CHCl, 78 °C, >98:2 dr; (b) O,
MeQH, 78 °C; NaBH,. 78 — 23 °(C; {¢) o-NsNHBoc, disopropvi azodicarboxylate,
polystyrene—PPhs, THF, 30 °C; PhSH, CsC0;, 50 °C; (d) Me;C(OHCH=CHn{»n-Bu)s,
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PACHL(PPh)s, PhMe, THF, 110 °C; () PACL{MeCTN),, MeCN, 80 °C; (f} {1} LiBH,,
MeOH, THF, § — 23 *C; (i) Me;SICN, (F:CHCHOH, 6 °C; (o) HC, dioxane, MeOH,
23 °C; () Sc{OTh,, FRCCH,OH, 23 °C, o-Ns = ortho-nitrobenzenesulfonyl, ORTEP
representation of aroine (+)-48: thermal cihpsoxds drawn at 50% probabiity.

[00126] The alternative synthesis of aminontirile (+)-24 began with the diasiersoselective
altviation of NE&-methyl sulfiniming (—)-42 {Scheme 8) to provide allyl oxandole {(+)}-43 in 78%
vield and with excelient diastereopurity after trituration of the crude addition product with
hexane {>98:2 dr}. In contrast to the first approach to aminonitrile (+3-24, the placement of the
chiral auxiliary on the U3a-substituent enabled the use of the N8-methvi variant of sulfinimine
38 (Scherse 6} Ozonolysis of alkene (+3-43 followed by a reductive work-up afforded the
primary alcohol (+3-44 10 799 vield. The alcohol {(+}-44 was then converied o feri-butyl
carbamate (+3-48 in 82% vyield via a Mitsunobu displacement and subsequent i sifu
desulfonviation. The allvhic alcohol needed for synthesis of the azepans substructure was
introduced via a Stille vinvlation to furrush allvlic alcohol (—3-46 1 889 vield. A palladium-
catalyzed alivlic amination provided azepane (—}-47 in 81% vield as a single diastereomer. The
stereochemustry at 3a and €9 of azepane (-)-47 was confirmed unambigoously through

analysis of the orystal structure of the corresponding amine (+3-48 {Scheme 8).

661277 Conditions for the mild and efficient conversion of oxindole (—3-47 to the desired
aminonitrile {(+3-24 were then developed Partial reduction of oxindole (-)-47 with lithium
borohydride afforded a muxtwre of C2-hemvaminal diastercomers that were foo labile for
isolation.  Ihrect treatroent of the crude heowaminal  with  timethylsivl cyamde m
hexafluoroisopropanc! fumished the desired aminonitrile {(+)-4% in 60% vield and the easily
separable minor C2-epimer (309%). Methanolvsis of the feri-butyi sulfinamide (+)-49 provided
the deswed amuno-azepane (+)-24 m 64% vield. The C2-aminontrile proved to be an ideal
irigger for late stage heowanunal formoation while providing adequate stabiliy for the
implementation of an efficient fragment assembly. We anticipate future adaptation of this robust
svuthetic roule to other N8-varnants of azepave {(+)-24 wvia judictous NE-substiiution of

sulfimimineg 38

[00128]  Compounds of Formula (V) represented by heterodimer (+)-81 can be prepared
according to the methods described herein, and used for the synthesis of compounds of Fornwla

. 4 5 & R 2 3 It a4 3
(1), wherein R R7 R R® B! :Rl R U, n, 8, tand u are each defined herein,
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(RS)m \R4 ( Rz)n
Formula (V)

Formula (V)

[B0129]  After developing versatile syntheses of both essential fragments, the union of azepane
{(+}-24 and cyvclottvptamine (+)-27 was then examined to mitroduce the critical €3a-C3a' bond.
Dissolution  of the two fragments in  tetrahvdrofiwan i the presence of 4-(VN-
dimethylamino)pyridine afforded sulfamide (+3-86 1n 80% vield on gram-scale (Scheme 9). The
oxidation of sterically shielded suifamides contaming electron-nich arenes, such as the N-roethyl
anifine substructure of sulfamide (+3-5¢, suffers from competitive arenc-halogenation. After
extensive experimentation, the unigue ability of tertiary N-chloroamudes to affect chemoselective
oxidation of sulfanude (+3-8¢ to the corresponding diazene (Scheme 9) without competitive
arene-halogenation  was  discovered.  Exposure of sulfamude ()80 1o N-chloro-N-
methyvibenzamide (6 equivy in conjunction with polystyrene-bound Z~feri-butylimino-2-
diethvlamino-1,3~dimethyl-perhvdro~-1,3,2~diazaphosphoring (BEMP} ju mwethanol provided the
desired diazene (+)-23 in 57% yield. Photoexcitation and expulsion of dirutrogen from a thin
film of diazene (+)-23, followed by radical combination of the resulting cyclofryptamine 21 and
azepane 22 {Scheme 2), afforded the desired heterodimer {+3}81 in 39% yield as a single
diastereomer. The remarkable diastereoselection at C3a of heterodimer (+3-81 s notable and may
be due to the confluence of a rapid radical combmation step and the additional sterecinduction
imposed by the Cl-ninle. Importantly, this diazene-based strategy for directed complex
fragment asserably allowed for the stereoselective construction of the eritical C3a-C3a' linkage,

securing the corresponding vicinal quatemary stereocenters.
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Scheme 9. Directed Synthesis of Heterodimer (+)-81,”

ORI
NGO Rh

gram scale
{(+)-80

“Reagents and condittons: {a) 4-(N N-dimethylanunojpyridine, THF, 23 °C; (b)
polystyrene-2-/~buty imino-2-digthy lamino-1, 3-dimethvi-perhydro-1,3,2-diazaphos-
phorine, N-chloro-N-methylbenzamide, MeQH, 23 *C; (¢} hv (350 nmy), 25 °C.
[00138] Transient intermediaies of Formula (IV), represented by (-)3-82, can be prepared
according {0 the methods described herem and subsequently converted to compounds of Formuda

- . - - § 7 3 - .
{1}, wherem rLp® R R " m,n, 1 s, 4 and u are each defimed herein,

Formula (IV) Formula (I)

{00131}  The reaction conditions for the planned transformation of (+)-81 were carefully
selected due fo the sensitive nature of the {3a-C3a' linkage It was thought that an appropriate
sequence of amine unvetling would maximize efficiency for the desired anunal exchange, and
that unveiling the Ni- and N1'-amines of heterodimer (+)-81 would allow operung of the C8a’
aminal with the benrenesulfonamide as the leaving group. thus aliowing rapid trapping of the
{&a'-imine of mtermediate 19 en routs to heptacycle 8§2.

[00132] Treatment of heterodimer (+3-81 with scandium irifluoromethanesulfonate in

trifluorcethanol provided the desired heterodimer (+3-20 by selective removal of the rer&-butyl
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carbamates while preserving the sensiive C8a-aminonitrile {(Scheme 10} The electron-
withdrawing NE-sulfonamide permutted an examination of basic condifions to selectively open
the cyclotryptamine substructure. Treatment of heterodimer (+)-26 with lithwam rert-butoxide in
methanol provided clean and complete conversion to the desired heptacyclic structure 82 within
T hoat 50° C as observed by in situ 'H-NMR spectroscopy. Significantly, only the desired
heptlacycle 82 was formed in preference o other constitutional 1sorers. Methanol was found to
be an excellent solvent for this transformation, possibly due to us ability to stabilize reactive
intermediates as the corresponding U-alkyvi-hemiaminals. It was found that other groups such as
OH, OC 4 alkyl (e.g., OMe) or P{OYOED, can be used in place of C8a~CN, thereby iraproving
flexibility. Although ntermediate 82 could be observed by in situ 'H NMR spectroscopy. this
compound did not show sufficient stability for isolation. This may be due to the sensitive nature
of the CBa’-amunal of heptacycle 82, which upon reversible opening to the CBa-imine increases
the lability of the C3a-C3a" bond. As an mdication of the sensitivity of the C3a-C34' linkage of
heterodimer (+3-28, simple heating of a derivative {C8a-OMe nstead of C8a-UN} in acetoniirile-
d; at 80 °C predominantly led to fragmentation. Treatment of the basic solution of heptacycle 82
with pyridimum p-toluenesulfonate to quench the alkoxides, followed by addition of acetic
anhydride afforded the N1'-acetyvl derivative (—3-83 1n 82% overall vield A final-step unveiling
of the N&'-amine was accomplished by treatment of (-}-83 with sodium amalgam to provide (-
commumesin F (1) in 83% yield. All 'H and ""C NMR data as well as optical rotation {observed
faln™ =249, ¢ = 0,13, CHCL; Hiterature [op™ = =264, ¢ = 0.34, CHCL), for our synthetic (<)~

comnumesin F (1) were in agreement with literature data.
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Scheme 18 Synthesis of (~}-Comununesin F (1) via a Biogenetically Inspired Final Stage

Reorganization.

noov
Me Me 7 N

Ni-G8a° !

and

-

N&-C8a

* bond formation

Me
c
—_—
83%
(-)-53 (-)-communesin F (1)

“Reagents and conditions: {a) Sc{OTHs, F;CCH,OH, 23 °C: (b) +-BuQLi, MeOHR, 50 °C;
dry PPTS, Ao, 23 °C; (¢ Na(Hg), NaH, PGy, THF, MeOH, 23 °C.

[38133] Scheme 11 summarizes a representative sirategy for assembling members of the
communesin fanuly and other analogs where the subsiituents at R R and B® are sensitive
groups ncompatible with the methods described above.  Several modifications have been
implemented. For instance, in the presence of acid-sensitive moieties, N-Cbz can replace N-Boc
(Scheme 11. R™), so that the conversion of a Formula (V) o Fornda (IX) can be carried out
with a nuld reagent such as PA{OH)/C that 18 well-suited for the complex environment
Silarly, the ~-80,Ph group utilized 1n the (-}-Communesin F total syothesis could be replaced
with the SES-protecting group shown i Formula (V) to avoid the deletertous effects of Na/Hg
in the final siep towards the desired Formula (I} compounds.  Accordingly, a nomber of
previously unobtainable commumesin analogs are now within reach, based oun the newly

developed synthesis described below,
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Scheme 11 General Scheme for the Synthesis of Comommunesins and Analogs that

e . . i &
Possess Sensitive Fonctionality ail R and R™

NSO,(CHakSIMes | | ioria

2. TMSCN

NSO3(CH,):SiMe;  pAP
3. BzN({ChMe

nucleophilic
substitution
2

(R

(R,

Formula (VIII)

NSO,(CH,),SiMe;

(R5)m }?4 (Rz)n
Formula (V) (R"*= Cbz)
PA(OH/C [ £yl (IX) (R'*= H)

Formula (I) Formula (1) (R® = H)

[00134] Appendix 1 of US Provisional Application No. 62/334,826, incorporated by
reference herein, provides Supporting Information including experimental procedures,
spectroscopic data, orvstal structure of (+3-48 (CIF), and copies of NMR spectra. Color
representations of some of the above figures, formulas, and schemes, as well as color
representations of selected information from Appendix 1 are included in the attached color

drawings.
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[001358]  In vanious embodiments, a highly convergent enantioselective total synthesis of (-}
communesin F {1} with late-stage chemustry that parallels the latest insighis and hypotheses
concerning the biogenesis of these alkalowds s described. This svathesis mmvolves the union of
fragments {+}-24 and {+)-27 to provide complex sulfamide (+}-5¢ on gram-scale. This advanced
intermediate is converted to alkaloid (3§ in only {ive additional steps (Schemes 9 and 10)
which mclude the application of our diazene—direcied fragment assembly sirategy to secure the
congested C3a-C3a' livkage, and a guided hiomimetic rearrangeroent to selectively provide the
heptacvclic core of these alkalmds Highlights of our synthesis include an efficient
cyclotryptamine-C3a-sulfamate synthesis by either a new silver-promoted nucleophilic
amunation or rhodiom—catalvzed C-H amination protocol, application of catalytic asymwuetric
halocvchization and diasiersoselective oxyvaminalion reactions in complex setfings, &
stereoselective sulfimimuine allylation, and efficient assembly and uility of a richly functional
diazene for complex fragment coupling. The successtul implementation of this synthetic strategy
and the versatile synthesis of the fragments, along with a final stage acvlation of the coramunesin
core provide a foundation for a umfied synthetic route to access structurally related complex
alkaloids and derivatives. Such derivatives can be used in therapy or as probes or tools for
mechamstic investigations. A person of skill in the art will appreciate that by appropuate
selection of starting materials, reagenis, and reaction conditions, the schemes provided herein

can be modified to provide analogs or dertvatives of {-)}-communesin according to Formuia ().

[38136] While various inventive embodiments have been descrnibed and illustrated hersin,
those of ordinary skill 10 the art will readily envision a variety of other means and/or structures
for perfornung the function and/or obtaining the results and/or one or more of the advantages
described herein, and each of such vanations and/or modifications 18 deemed to be within the
scope of the mventive embodiments described heremn. More generally, those skilled in the ant
will readily appreciate that all parameters, dimensions, matenials, and configurations described
herein are meant to be exemplarv and that the actual parameters, dimensions, materials, and/or
configurations will depend upon the speaific application or applications for which the inventive
teachings is/are used. Those skilled n the art will recognize, or be able {0 ascerfain using no
more than routine experimentation, many equivalents to the specific mnventive embodiments
described herein. It 15, therefore, to be understood that the foregoing embodiments are presented
by way of example only and that, within the scope of the appended claims and equavalents
thereto, mventive embodiments may be practiced otherwise than as specifically desenibed and
claimed. Inventive embodiments of the present disclosure are directed fo each mdividual feature,
system, article, material, kit, and/or method described herein. In addition, any combination of
46



WO 2017/197045 PCT/US2017/032040

two or more such features, svstems, articles, matenals, kits, and/or methods, if such features,
svatems, articles, maierials, kits, and/or methods are not muteally inconsistent, 18 included within

the mventive scope of the present disclosure.

{30137  The above-described embodiments can be implemented in any of numerous ways.
Also, varigus mvenfive concepis may be embodied as one or more methods, of which an
example has been provided. The acts performed as part of the method moay be ordered 1o any
suitable way. Accordingly, erchoditsents mav be coustructed 1o which acts are performed i an
order different than illusirated, which may include performing some acis simuitangousiy, even

though shown as sequential acts m ilfustrative embodiments.

[B0138] In addition, those of ordinary skill in the art recognize that some fimchional groups
can be protecled/deprotecied using various protecting groups before a certain reaction takes
place. Suitable conditions for protecuing and/or deprotecting specific functional group, and the

use of protecting groups are well-known in the art.

oo

{36139 For example, various kinds of protecting groups are deseribed in T.W. Greene and
G M. Wauts, Protecting Groups i Organie Synthesis, Second edition, Wiley, New York, 1991,
and other references cited above.

[06148]  All documents ciied herein are herein incorporated by reference i their entivety for
all purposes.

[00141]  Using the methods described herein, vanous denvatives of communesing can be
prepared from the appropriate starting materials and intermediates using the general methods

described herein, as shown below in Scheme 12:

Scheme 12, Representative Classes of Communesin Dertvatives.

C10-epoxide:

Me

C14-expoxide
derivatives
two diastereomers
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C10-derivatives:

Me

R=alkyl, aryl,
heteroaryl

arene-derivatives:

N8-derivatives:

arene-derivatives:

R=acyl, sulfonyl
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Late-stage N8’ derivatives:

(—)-communesin F (1}

R=alkyl,varied length (CH>),

00142  The skilled artisan will also recogrize that the particular variations wn substitution of

the comnmunesin structure illustrated above in Scheme 12 can be combmned For example,

-

Ny

substitution at €10 as described above can be combined with subsittution at C2/3, and/or ©27/3
and/or N&, etc. These modifications can be evalualed to identify dertvatives with enhanced
potency for particular ndications, as mechamstic probes, or for use in targeted therapy. For
example, a modification as shown below can provide a “functional handle” for conjugation with
an antibody (targeted delivery), for use i pull-down experiments, or as a means to attach an

atfinity tag or fluorephore (probe):
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Example 1. Representative Synthesis of Formwla (H} Compounds
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Bromocyelotryptophan (+3-32:

[00143] A sample of N-bromosuccimmide (4.04 g, 22.7 mmol, 1.05 equiv) was added io a
solution of tryptophan derivative 83 (890 g, 216 wwwol 1 equvy and pyndimiom
rioluenesulfonate (5.70 g, 22.7 mmol, 105 equivy in dichloromethane (216 wolly at 23 °C. After
1.5 h, the homogeneous yellow reaction muxture was washed sequentially with a satwated
aqueous sodium bicarbonate solution (100 mi} followed by a saturated agueous sodium
thiosulfate solution (100 wl), and finally saturated aqueous sodium chloride solution (100 ml).
The organic laver was dried over anhydrous sodium sulfate, was filtered, and was concentrated
wnder reduced pressure. The resulting residue was purified by flash column chromatography on
sitica gel (chuent 50% diethvl ether in hexanes) to afford bromocyclotrvptophan (+332 (116 g,
99.6%, 17.5:1 dr) as a white foarn  The diastercomeric ratio was further eoriched by
recrystallization from 27% ethvi acetate in hexanes to vield bromocyclotryptophan (+3-32 (9.13

g over two batches, 78 7%, >99:1 dr) as coloriess plates.

a“ ;-.._ o~ o
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Cyclotryptophan (+3-33;

[00144]  Trethviborane (1.0 M in THF, 1.7 mi, 1.7 nuvol, 0.10 equav) was added via syringe
to a solution of bromocyclotryptophan {(+3-32 (9.0lg, 167 wmol, 1 equiv)y and
tris{trimethyisiyDsilane (15.5 mL, 50.1 mmol, 3.00 equiv) in tetrahydrofuran (129 ml) at 23 °C
ander an air atmosphere. After 10 mun, the homogeneous colordess solution was diluted with a
saturated aqueous sodium bicarbonate solution (130 mL)  After vigorous stirring for 10 roin, the
heterogeneous biphasic nuxture was diloted with detonized water {100 mb} then extracted with
dichloromethane (3 x 200 wml). The combined organic extracts were dried over anhvdrous
sodium sultate, were filtered, and were concenirated under reduced pressure (o vield a colorless
seni-solid suspended in a colorless oil.  The colorless cil was decanted and the remaining

residue was purified via flash chromatography on silica gel {eluent: 25% —» 32% ethyl acatate in
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hexanes) to afford cvclotrvptophan {(+3-33 (727 g 949%, >991 dry as a white foam

SLGMe 1.5 N HOH {aq), OHOE
MaOH, 83 °0

“*f

-

»»)

o

Cyclotryptamine (+)-28;

[30145]  An agueous sodiom hydroxide solution (3 N, 79.0 mi, 395 mmol, 25.0 equiv} was
added in portions over 5 mun 1o a solution of cvelotrypiophan (H3-33 (7.25 g, 157 mmol, 1
equiv} 1 methanol {240 b)) and dichloromethane (31 mb.} cooled to 0 °C in an ice bath unde
an air atmosphere. After 5 mun, the i1ce bath was removed and the mulky white solution was

alfowed to stir at 23 °C. After 7 b, the reaction muixture was cooled to 0 °C in an ice bath and
acidified to pH~ 3 by the portionwise addition of an agueous hydrochlioric acid solution {12 N,
34 mb) over 10 min. The resulting white suspension was allowed to warm to 23 “C and was then
concentrated under reduced pressure to remove methanol. The white suspension was then diloted
with detonized water (100 mL) and extracted with dichloromethane (3 x 200 mL). The combined
organic extracts were washed with a saturated agueous sodivm chlonide solution (100 mb), were
dried over anhvdrous sodium sulfate, were filtered. and were concentrated under reduced
pressure o afford the crude carboxylic acid (8.0 g, >99%} as a white foam, which was used
directly i the next step after azeotropic drving by concerdration from toluene (HPLC grade, 3 x
100 mi). Samples of 2-mercaptopyridine N-oxide (320 g 252 rmomol, 160 equv), 4-
{(dimethylamino)pyridine (192 mg, 157 wmmol, 0100 equiv), and NNNN-
tetramethylchloroformamidiniom hexafluorophosphate (TCFH, 6.62 g 23.6 mmol, 1.30 equnv}
were added sequentially to a solution of the crude carboxviic acid in tetrahvdrofuran (1537 md)
coolad to 0 °C in an ice bath. The reaction flask was subsequently removed from the ice bath,
covered in aluminum foil, and charged with triethylamine (8.80 mL, 63.0 mumol, 400 equiviina
slow stream over 30 s while the reaction ouxture was still cold. After 275 h, fert&-butyl
mercaptan (890 mL, 78.7 nunol, 5.00 equiv) was added via svringe. The alumunum foil was then
removed from the flask and the resulting green suspension was irradiated with a Hood lamp (300
W) To mamnian an internal temperature of 23 °C, the flask was immersed in a 20 °C water bath.
Afier 2 h, the lamp was shut off and a saturated agueous sodiurn hcarbonate—water sohution (1:1,
400 mb) was added. The agueous layver was exiracted with dichloromethane (3 » 200 mbL). The
combined organic extracts were washed with a satwrated agueous sodium chlonide solution (150
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mb}), were dried over anhydrous sodunm suifate, were filiered, and were concenirated under
reduced pressure. The resulting residue was purified by flash column chromatography on silica
gel (eluent: 20 — 25% acetone m hexanes} to afford cyclotrvptamine (+)-28 (435 ¢, 69.0%

overall from {+}-33) as a white foam.

Sulfamate ester (+)-27:

[08146] A round bottom flask equipped with a stir bar was charged with crushed SA
molecudar sieves {1.06 g, 200 mg/mmol of 28), and magnesium oxide {853 mg, 21.2 mmol, 4.00
equivy. The flask and its contents were Hlame-dried under vacuur for 7 sun. The reachon vessel
was allowed to cool 1o 23 °C and was then backfilied with argon. Bis{rhodium{o,o,0 o'~
tetramethyl-1,3-benzenadipropionic acid}] (80.2 mg. 106 umol, 0.0200 equiv), cveloryplanune
(+3-28 (213 g, 5.29 mmol, 1 equiv), 2.6~-difluoropheny] sulfamates (1.44 g, 6.88 mmol, 1.30
equiv), and Z-methvi-Z-phenyipropionic acid {434 mg. 2.65 muynol, $.500 equiv) were then added
sequentially. The flask was evacuated and backfilied with argon (three cyelesy and was then
charged with sopropyl acetate (7.0 ml}. The resulting green saspension was stured vigorously
for 5 man then (diacetoxyiodo) benzene {3.41 g 10.6 mmaol, and 2.00 equiv) was added in a
single portion. The flask was sealed and the suspension was allowed {o stir vigorously at 23 °C
under a static atmosphere of argon. After 26 h, the reaction muxture was filtered through a pad of
Celite and the filter cake was ninsed with ethyl acetate {50 mlL). The flirate was concentrated
under reduced pressure and the resulting residue was purified by flash columm chromatography
on silica gel {eluent: 20 —» 30% acetone in hexanes) to afford a mixture of the desired sulfamate
ester (+3-27 along with a minor amount of the regimsorneric C2 anunation product ($.4:1). The
mixture was further purified by recrystallization from dichloromethane, hexanes, and diethyl
ether (1:1:1, 4.5 mL) at 5 °C to afford exclusively the sulfamate ester (+3-27 {1.26 g, 39.2%:) as

an off-white sohid.

Example 2. Representative Syuothesis of Formulda (1) Conpounds

LN
Lod
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Anunde {—)-34;

001477 A 100 mb Schienk flask containing a magnetic stir-bar was charged with 18-crown-6
(550 g, 208 mmol, 2.00 equiv), potassium fluoride (2.44 g 416 mmol, 4.00 equiv),
bromotrypltamine 84 (3.53 g, 104 myvol, 1 eqny), and L-proline derivative 88 (6.12 g, 182
mmol, 175 equiv) sequerndially 7 The reaction flask and us contents were placed under vacuum
and backfilled with argon {(three cvcles) Acetonitrile (42 mL} and N N-diisopropylethylaming
{6.40 mL, 46.8 yumol, 4.50 equiv) were then added. The resulting bright vellow heterogeneous
mixiure was somcated for 1 hoand then the flask was inwnersed in a pre-heated ol bath at 30 °C
and stirred vigorously for 16 h. The reaction nuxture was concentrated uvnder reduced pressura.
The residue was dissolved in ethyl acetate {1060 mL} and was washed sequentially with deionized
waler (50 mb), a saturated agueous potassium carbonate—water solution (11, 2 x 30 ml),
deionized water {30 mbL), and a saturated agueous sodium chlonde solutton (2 x 50 mlb}. The
organic phase was dried over anhvdrous sodium sulfate, was filtered. and was concentrated
under reduced pressure. The resulting hight brown ol was puwrified by flash column
chromatography on silica gel {eluent: 10% — 40% ethyl acetale in hexanes) to afford amide (=)~

34 {5.50 g, 98.6%) as a white foam.

Allyhe alcohol (=3-36:

[B0148]  Acetomitnle (10.8 mi). tnethviamine {2.00 mlb, 14.53 mwmmol, 150 eqmv), and 1.1-

dimethylally! alcohol (4.65 mb, 43.6 mmol, 4.50 equiv) were sequentially added to a 100 mL

54



WO 2017/197045 PCT/US2017/032040

pressure tube containing paliadiundl} acetate (174 mg, 0.78 mmol, 0.0800 equuv), fri{e-tolyl)
phosphine (590 mg, 1.94 mumol, 0.200 equiv), and anude (—3-34 (5.20 g, .69 mmol, 1 equv).
The reaction tube was sealed under an argon atmosphere and immersed in a pre-heated oil bath
at 95 °C. After 3.5 h, the reaction mixture was cooled to 23 °C and was filtered through a pad of
stlica gel. The f{ilter cake was washed with ethyl acetate {160 mbL) and the filirate was
concentrated under reduced pressure. The thick orange ol was purified by flash column
chromatography on sihica gel {eluent: 10% —75% acetone in hexanes). The resulting vellow
sticky foam was purified by flash column chromatography on silica gel (gluent: 10% > 40%

ethyl acetate in hexanes)} to afford alivlic alcohol (-)-36 (4.40 g 83 8% as a white foam.
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Oxazoline {(-3-37:

001491  Copper(lly chlonde (1.03 g 7.62 mmol, 1.00 equv) and tetra-n-butviammonium
chioride {413 ¢, 7.62 mumol, 1.60 equiv) were added to & 100 ml Schienk flask. Chioroform
(38 mbL) was added and the resuliing dark red muxture was stirred vigorously for 20 min, at
which point allvlic alcobol (-3-36 (4.13 g, 7.62 wymol, 1 equivy and oxaziridine S6% {2.56 g, 9.91
mmod, 1.30 equiv) were added.  After stivring at 21 °C for 1.5 h, the reaction muxture was filiered
through a pad of sifica gel, and the filter cake was washead with an ethyl acetate-hexanes solution
{1:1, 800 mL). The yellow filivate was concentrated under reduced pressure and the residue was
punified by flash columm chromatography on silica gel (eluent: 10% — 40% ethyl acetate in
hexanes}. Further punfication by chromatography on silica gel (eluent 10% -»> 30% acetone in
hexanes) afforded oxazoline (-)-37 (4.16 ¢, 68.1%) as a pale yeliow foam as an inseparable
mixture of diastereomers (8911 dr}. The diastereomeric ratio was determined after derivatization

of oxazoline (—3-37.
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Aminocyclofryptanune (+)-87:

[G8158] A solution of sodium methoxide (142 mg, 2.50 mmol, 50.0 equiv) in methanol (1.0
mik} was added to a sohstion of oxazoline (—)-37 (40.0 mg, 50.0 umol, 1 equiv) i methanol (0.5
mi} After stirning at 21 °C for 24 h, the light vellow solution was dituted with a mixture of
saturated aguecus ammonium  chioride-water {1:1, 10 mb} and was extracted with
dichloromethane (5§ » 5 mL). The combined extracts were dried over anhydrous sodium sulfate,
were filtered, and were concentrated under reduced pressure. The resulting vellow film was
purtfied by flash coluomm chromatography on silica gel (eluent: 10% — 40% cihyl acetate n
hexanes) to afford amnocyclotryptamune (+)-87 (4. 40 g 83 8%, 89:11 er} as a vellow solid. The
enantiomeric ratio was deternuned by chiral HPLC analysis (Chiralpak 1A, 80% /PrOH / 20%

hexanes, 1.0 mL/min, 254 nm, g {major) = 7.8 min, fp (minor) = 6.5 min).

Azepine (~}-58:

[B0151]  Acelomitnile (70 mb) was added to a pressure tube contaiming bis{acetomtrile)-
dichloropaliadiomd(Il} (190 mg, 720 wmwol, 015 equiv) and oxazoline (—3-37 (8911 dr, 385 g,
4 81 mmol, 1 eguivy The tube was sealed under an argon atmosphere and was immersed in a
pre-heated ol bath at 82 °C. After 4 h, the orange solution was cooled to 21 “C and the solvent

was then removed onder reduced pressure. The orange residue was purified by flash cohuwon
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chromatography on silica gel (eluent: 10% —» 20% acetone in hexanes) to afford azepine {-}-58

{3.19 g, 84.8%) as a while powder.

Indoline {-)-38:

[B0182] A solution of azepine (—-88 (3.10 g, 3.96 mamol, 1 equv) in {etrahydroforan {59 ml}
was cooled to —20 °C and ditsobutylalurinurn hydride (1.0 M in hexanes, 11.9 ml, 11.0 mmol,
3.00 equiv) was added dropwise over 10 min. After 2 nmun, the reaction nuxture was warmed {o
0 “C and the orange solution was allowed (o stir at this temperature. After 3 h, excess reducing
agent was quenched cavtiously by the dropwise addition of delonized water (11.9 mL). Afler gas
evolution had subsided, an agueous sodium hydroxide solution {1 N, 60 b)) was added. The
resulting mixture was stirred vigorously for 15 mun and was then extracted with ethyl acetate (3
# 120 wl). The combined orgamc exiracts were dried over anhvdrous sodiim sulfate, were
filtered through a pad of Celite, and were concentrated under reduced pressure. The residual
ethyl acetate in the residue was removed by concentration from hexanes (3 » 20 mb) under
reduced pressure to furnish crude hemiaminal intermediate as a yellow solid, contaiming a minor
amount of the desired indoline (—3-38 based on TLC analysis. The crude mixture was dissolved
m methanol (32wl at 21 °C and 1,8~ diazabicycloundec-7-ene (890 ul, 5.95 amol, 1 50 equiv)
was added via syringe. After stirring for 2.5 h, the solvent was removed under reduced pressure
and the resulting orange o1l was filtered through a pad of silica gel, washing the filter cake with
ethyl acetate-hexanes solufion (111, 250 mi). The filtrate was concendrated and the resuiting
orange ou was purified by flash column chromatography on silica gel {eluent: 10% — 20% ethyl

acetate in hexanes) to afford indohne (-)-38 (2.04 ¢, 87.9%} as a bright yvellow solid.
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Formanude (—-)3-3%:

[06183] A nuxture of acetic anbhwvdnde (3.20 wl, 34.0 romol, 10.0 equivy and {ornmuc acd
(1.30 mbL, 34.0 mmol, 10.0 equiv) was addad 1o a solution of indoline (-3-38 {1 98 g, 3.38 mmol,
I equivy and pyridine (274 ul, 3.39 munol, 1.00 equiv) in dichloromethane (13.5 mb) at 6 °C 10
The reaction muxture was warmed to 21 *C and stitred vigorously. After 2 h, a saturated aqueocus
sodium bicarbonate solution (80 mbL) was slowly iniroduced and the resuiting mixiure was
stirred vigorously for 1 b, at which tivoe gas evolufion had ceased. The layers were separated and
the agueous laver wag extracted with dichloromethane (3 # 40 mb). The combmed organic
extracis were dried over anhydrous sodium suifate, were filtered, and were concendrated under
reduced prassure {o give a light vellow solid. Purification by flash columm chromatography on
silica gel (eluent: 10% — 40% ethyl acetate wn hexanes) afforded formamide (-)-3% as a hght
vellow solid. This solid was suspended in hexanes {60 mL} and was filtered o provide

formamde {(—)-38(1.72 g, 83.1%) as a white sohid.

N-Methyl indoline (~3-46:

[30154] A sample of sodium borohvdride (643 mg, 16.6 mmol, 6.00 equuv) was added ¢ a
solution of formamide (339 (1.70 g 2.77 mmol, 1 equiv} in tetrahydrofuran (85 ml} The
resulting suspension was cooled to 0 °C and rifluoroacetic acid (1.27 g, 16.6 o], 6.00 eqguiv)

was then added. After stirring at this temperature for 1.5 h, excess sodium borohydride was
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guenched by slow addition of a saturated agueous sodium hicarbonate solution (535 mb) The
resulting while suspension was diluted with detonized water {55 mbl) and was extracted with
ethvl acetate (3 # 120 wl). The combined organic exiracts were dried over ashydrous sodium
sulfate, were filtered, and were concentrated under reduced pressure. The residue was purified by
flash cohwmn chromatography on silica gel (eluent: 209 ethvl acetate i hexanes) to afford N~

methyl indoline (—)-48 (1.22 g, 73.5%) as a vellow sohd.

Hemuamunal (—)-41:

{00185  Thiophenol (1.0 mb, 10 mmol, 10 equiv) was added to a nuxture of N-methyl
indoling (~3-40 {0.620 g, 1.00 mmol, 1 equiv} and potassivim carbonate {1.43 g, 10.4 mmol, 10.0
equivy in dimethylformamide (10.4 mL) and the resulting brown suspension was heated to 50 °C.
After 2 h, the reaction nuxiure was cooled to 21 “C, was diluted with detonized water {100 ml),
and was extracted with diethyl ether (4 x 100 mbL} The combined organic exiracts were dried
over anhydrous sodium sulfate, were filtered, and were concentrated under reduced pressure. The
residue was purified by flash colunm chromatography on silica gel {eluent 10% — 20% ethyl
acetate in hexanes) A second chromatographic purification on silica gel {eluent: 0% —» 10%
ethyl acetate in dichloromethane} followed by azeotropic dryving of the sticky foam with toluene

furnished henuaminal (-)-41 (304 mg, 70.9%) as a white solid.

Tricychic amune {(+)-24;
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{0G1586] A pressure tube contamning hemianunal (341 (62 mg, .15 mmol, 1 equiv} was
cooled to § °C and was charged sequentially with trimethyvisiivi cvanide (58 pl, 6.45 mumol, 3.0
equiv), anhydrous hexafluoroisopropano! (38 pb, .54 nwwol, 3.6 equiv), and water (8.1 ul. 0.48
mmol, 3.0 equiv). The mixture was warmed to 21 °C and the tube was quickly sealed under an
argon atmosphere. Afier 10 days, an agueous sodium hvdroxide solution (3 N, 1.5 mbL} was
miroduced and the resulling mixture was extracted with dichloromethane (3 x 2 mb). The
combined organic exiracts were dried over anhvdrous sodiumn suifate, were filtered, and were
concentrated under reduced pressure. The residue was purified by flash column chromatography
on stlica gel (eluent: 10% — 30% ethy] acetate 1o hexanes) to afford tnevehic anune (+)-24 (30.0
mg, 52.3%, RS 0.23; 50% ethyl acetate 1u hexanes) as a white foam and the CBa~epimer (13.0

mg, 26.1%, Rf 0.85; 50% ethyvl acetate in hexanes} as a white foam.

Example 3. Representative synthesis of Formula {V) compounds.
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Sulfamude (+3-58:

[06187) A sample of 4-{dirnethviarninopyndine (518 g, 4 24 mmol, 2.30 equiv) was added
1o a solution of tricyclic amine {(+)-24 (662 mg, 1.70 mmol. 1 equiv} and sulfamate ester (+3-27
(1.21 ¢, 1.98 mmol, 1.17 equiv) in tetrabydroforan (8.5 ml} at 23 °C. After 20 h, deionized water
{50 ml) was added and the mixture was extracted with dichloromethane (3 x 50 mbL) The
combined organic extracts were washed with a saturated aqueous sodium chlonde solution (35
mb), were dried over anhydrous sodiom sulfate, were filtered, and were concenirated under
reduced pressure. The resulting residue was purified by flash column chromatography on silica
gel {eluent: 20% —30% ethy! acetate in hexanes) to afford sulfamide (+)3-80 (1.17 g, 80.0%) as

an off-white foam.
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Heterodimer (+)-51;

061581 To asolution of sulfamide (+3-80 (300 mg. 349 umol, 1 equn) i methanol (34,9 ml}
n the dark was added N-chloro-N-methyibenzamidel6 (S11, 355 mg, 2.09 mamol, 6.00 equiv)
followed immediately by resin-bound BEMP {1.90 g, ~2.2 mmaol/g on 200-400 mesh polvstvrene
resin, 4.19 mmol, 12.0 equiv) in a single portion. After 18 nun, the suspension was filtered
through a pad of Celite, and the filter cakie was washed sequentially with dichloromethane (60
mb} and ethyl acetate {60 ml}). The hight vellow filtrale was concenirated under reduced
pressure and the resuiting residue was purified by flash columm chromatography on silica gel m
fow light {eluent: 15%—20% ethy! acetate in hexanes} to afford unsymmetrical diazene {(+3-23
(1537 mg, 56.6%) as a hght vellow o, which slowly solidified under reduced pressure 17
Unsyrmmetrical diazene (+3-23 was used directly in the next step without further purification. A
solution of wnsymmetrical diazene (+3-23 (155 mg, 195 umol, 1 equiv) in dichloromethane (15
mb} was concentrated under reduced pressure in a 200 mL round bottom flask to provide a thin
film of diazens (+3-23 coating the fagk. The flask was evacuated and backfilled with argon
{three cycles) and was then irradiated i a Rayvonet photoreactor equipped with 16 radally
distributed (= 12.7 cm} 25 W lamps (L= 350 nm} at 25 °C. After irradiating for 3 h, the lamps
were shut off and the resulting residue was purified by flash column chromaiography on silica
gel {(eluent 20% ethyl aceiate in hexanes) to afford an inseparable mixture (~1.1) of heterodimer
{(+)-8% and cyclotryptanine 28 according to "H NMR analvsis (91.4 mg, 38.7% corrected vield
of 81} as an off-white foam. This mixtwre was used directly in the next step without further

purification.

Heterodimeric diamine {(+3-24:
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{66159 A sample of scandium{H1} riffucromethanesulfonate (223 my, 452 umol, 6.00 eguiv}
was added to an inseparable muxture of heterodimer (+3-8% (§7.8 mg, 754 pmol, 1 equnv) and
cyclotrvptaraine 28 (31.2 mg, 77.8 umol, 1.03 equiv) dissolved m 2.2 2-influoroethanol (7.50
mb)y af 23 °C. After 25 mun, a saturated aqueous sodium bicarbonate solution (15 mb} was added
and the mixture was extracted with dichloromethane (3 » 15 mL). The combined organic extracis
were washed with g saturated agqueous sodium chionde solution {15 ml), were dried over
anhydrous sodium sulfate, were filtered, and were concentrated under reduced pressure. The
resulting residue was purified by flash colurn chromatography on sifica gel {(eluent: 33%
acetone, 1% wmethanol in dichloromethane) 1o afford heterodimeric diamine (+3-28 (284 mg,

66.6%) as a light tan foam.

Example 4. Representative Svnthesis of Forroula (1) corapounds.

N&-Benzenesulfonyl Commumesin F {(-3-83:

001681 A solution of hthnun fert-butoxide (0,100 M in MeQOH, 1.13 mb, 113 umol, 10.0
equiv} was added to a solution of heterodimer {(+)-20 {630 mg, 11.1 ymol, 1 equiv} in methano!
{1.13 mb}. The vessel was sealed then immersed in a preheated 50 °C oil bath and was aliowed
to stiv under a static atmosphere of argon. After 4 h, the reaction mixture was cooled to 23 °C,

after which pyridiniurn p-toluenesulfonate (22.4 wog, 89.1 umol, 8.00 equiv) and acetic anhydride
(&5 yl, 100 pmol. 900 equivy were added sequentially. After 24 win, a saturated aquecus
sodium bicarbonaie solution (3 mi} was added and the resuliing heterogeneous mixfure was
diluted with deionized water (5 mwl) then extracted with dichloromethane (3 x 10 ml). The
combined organic extracts were washed with a saturated aqueous sodium chioride solution (10
mb), were dried over anhydrous sodivm sulfate, were filtered, and were concentrated under
reduced pressure. The residus was purnified via flash colurmn chromatography {eluent: 25% —

30% acetone in hexanes) to afford N8 -benzenesulfonyi communesin F (383 (5.3 mg, 82%) as

a white solid.
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15

{—3-Comnumesin F (i)

{00161 A sample of sodium amalgam 18 ($%-Na, 160 mg, 348 pumol, 20.0 equiv) was added
1o a suspension of sodium phosphate monobasic monchydrate {52.6 mg, 383 umol, 22.0 equiv)
and V& -benzenesulfonyl communesin F (3183 (10.1 mg, 17.4 umol, 1 equiv} in tetrahydrofuran
(250 ul.} and methanol (750 uyl} at 23 °C. After 20 min, another portion of sodium phosphate
monobasic monohydrate (52,6 mg, 383 umol, 22.0 equiv) and sodiumn amalgam (3%-Na, 160
mg, 348 umol, 20.0 equiv} were added sequentially. After an additional 20 min, another portion
of sodium phosphate monobasic monohvdrate (52.6 mg, 383 pumol, 22.¢ equuv}) and sodium
amalgam (3%-Na, 160 mg, 348 umol, 20.0 equiv) were added sequentially. Afier an additional
20 min, a final portion of sodium phosphate monobasic monohvdrate {52.6 mg, 383 pmol, 22.0
equiv) and sodium amalgam (5%-Na, 160 mg, 348 umol, 20.0 equiv) were added sequentially.
After 30 min, an agueous schution of 5% sodium bicarbonate {5 mL) was added and the resulting
mixture was exiracted with dichloromethane {3 x 10 rol). The combined orgaruc extracts were
washed with a saturated agueous sodium chioride solution {5 mb}), were dried over anhydrous
sodium sulfate, were filtered, and were concenirated wnder reduced pressure. The resulting
residue was purified by flash column chromatography on silica gel {ehuent: 25% — 33% acetone

in hexanes) to afford (- -communesin F (13 (6,40 mg, 83.1%) as a white solid.
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What 1s claimed is;

1. A compound of Formula (T}

Fornula (1}
or a pharmaceutically accepiable salt, tautomer or sierecisomer thereof, wherein:

R“” R and R are each mdependently selected from H, C-Cyy alkyl, C;-Cyy alkenyl,
Co-Cry atkvnyl, -CEOIR, CEONRTRY, SE=0WRY, aryl, heteroaryl, carbooyelyl or
heterocyelyl, wherein R’ and RY taken together with the carbon atoms to which they are attached
form an arvl, hetercaryl, carbocyelic, or heterocyehe ring;

RY and R° are each  independently  selected from  F,  CL Br
£, -OH, -OR’, -OCEORY, -S=03RY, -NRIRY, C-Cyhy alkyl, Co-Cpp alkenyl, Co-Cyy atkvayl,
arvl, heteroaryi, carbocyclyl, or heterocyelvl;

R’ is independently H, -OH, -OR’, -OCE=OR’, -S(=0),RY, NRIRY, C-Cyy alkyl, -
Cyy altkyl, Cp-Cyy alkenvi, U5-Cyy alkvnyvl arvi, heteroaryl, carbocyelyl, or heterocyelyvl;

R and R® are each independently selected from H, C-Cy, alkyl, C-Cy alkenyl, €005
alkynyl, -CE=0RY, -CEMNRTRY, -SEOLRY, -OH, -OR°, -0CEOIRY, NR'RY, ayl,
heteroaryl, carbocyelvl, or heterocyelyl, wherein two R or two RY groups taken together with the
carbon afoms to which they are aftached form an aryl, heteroarvl, carbocvciic, or heterocyclic
ring;

R” and R are each independently selected from H, C,-C s alkyl, Co-C s alkenyl, $r-Co
allynyl, aryl, heteroaryl, carbocyelyl, or heterocyclyl, wherein R” and R" taken together with the
carbon atoms {o which they are attached form an aryl, hetercarvl, carbogcyclic, or heterocyclic
1ng;
RY is CCh alkyi, C;-Cyy  alkenvl, (-Cypy  alkynyl, aryl, heteroarvl, carbocyclyl,
heterocyelyl, -(CH, )Y SiMes, {(CH R

m and t are each independently an integer from 10 3;

n, 1, 5, and v are each independently an mteger from 0o 4; and

uis 0, 1, or 2;
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with the proviso that the compound of Foroula (1} is not:

O O
wherein R* is H, Me, or -CHO wherein R' is j%j\ }LJ]\
Et, or n-Pr

Me

2. The compound of claim 1, wherein R is H C-Cp alkyl, C-Cyy alkenyl, arvl, heteroarvl,

carbocyclyl, or heterocyelyl

73]

. The compound of claim 1, wherein R H, -C{(=00R", (-Cps alkyi, aryl or hetercaryl.

N

. The compound of claim 1, wherein RisH, C-Co alkyl, or SEOLRY

4

. The compound of claim 1, wherein R® and R are each independently ¥, Br, CL L C,-Cy; alkyl,

aryl or heteroarvkh
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10
R9 R1O RQ
| v
. . ; . G - X . . !
6. The compound of claim 1, wherein R 1s , OF , and wheremn X 15 O, NR,

or -S(=0},R "

~d

. The compound of claim 6, wherein R’ is -C(=0)R".

OH

EAA e o N e

10

& The compound of claim 7, wherein R"is Me. Bt n-Pr,

R9 R1O RQR
| v
9. The compound of claim 8, wherein R is , Of , and wherein X is O, NR',

or -S{=0)R"

10, A pharmaceutical composition conymising a compound of Foromla (I and a

pharmaceutically acceptable excipient.

11, A method of treating a disease or condition ireatable with a compound of Formula (),
comprising admunistering an effective amount of a compound of clatm 1 o a subject in need
thereof,

12. The method of claim 11, wherein the disease or condition is cancer.

13. The method of claim 12, wheremn the cancer 18 a cancer of the blood.

14. The method of claim 13, wherein the cancer of the blood is histiocyiic leukemia, monocyiic

teukemma, Burkait's lvrmphoma, Hodghin's” ymphoma, T-cell leukemua, or B-cell leukemia.
15, The method of claim 11, wherein the disease or condition is a bacterial mnfection.
16. The method of claim 13, wherein the bacterial infection is an mfection of Fscherichia coli,

Klebsiclla  prneumonice, Pseudomonas oaeruginosa, Acinetobacter  baumonii,  Neisseria

gonorrficeae, or Racillus subtilis.
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17. The method of claim 11, wherein the disease or condition 18 a fungal infection.

1.

I8 The method of claum 17, wherein the fungal nfection 15 an mfection of Candida albicans,

Fichophyton mentagrophytes, or Amorphotheca resinae.

b

19, The method of claim 11, wheremn the disease or condition 1§ a viral infection.

20. The method of claim 19, wherein the viral infection is and infection of Herpes simplex type

Ju—

21, The method of claim 11, wherein the disease or condition is abnormal cardiovascular

function.

22. The method of claim 21, wherein the abnormal cardiovascular function 1s bradycardia.

23. A method of treating an msect infestation, comprising contacting the insect with a compound

of clarm 1.

24, The method of claim 23, where in the ingect infestation is caused by silkworms at the third

instar larval stage.

25, A method of making a compound of claim 1, comprising rearranging a compound of

Formula (V)

Formula (V)

wherein R is -OH, -OR’, -NR'R', ${0WRY, or PIOYOR".

26. The method of claim 25, wherein the compound of Formula (V) is prepared by a radical

recombination reaction of a coropound of Formuda (V1)
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Formula (VI)

27. The method of claim 26, wheremn the coropound of Formuda (V1) is prepared by the extrusion
of sulfur dioxide from a compound of Formuala (VH):

Formula (VII)

28 The method of claira 27, wherein the compound of Formula (VH} 15 prepared by reacting a
compound of Formula (ITh) and a compound of Formala (VI

Ry ks

Formula (III) Formula (VIII)
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FIG 2.
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FIG 3.

16

A RRRRATIR

B : -

,
s
5

S

.

3L

X ] &
o

2
2

AR RARRRRARAXNRRRNAR RN

e

TR

[EPPRREY

3/4



WO 2017/197045 PCT/US2017/032040

FiG. 4

(=)-communesin F (1)

4/4



INTERNATIONAL SEARCH REPORT International application No.
PCT/US17/32040

A.  CLASSIFICATION OF SUBJECT MATTER
|F’CC - CO07D 209/56, 221/02, 223/14 (2017.01)
P

" co7D 209/56, 221/02, 223/14

According to International Patent Classification (TPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X BELMAR, J. Total Syntheses of (+)-Isophellibiline and (+)-Communesin F, and Design, 1-9, 23-24
- Synthesis and Pharmacological Evaluation of Dihydro-Beta-Erythroidine (DH beta E) Analogs. |-
Y December 2012, pp. 1-179 [online], [retrieved on 2017-07-11]. Retrieved from the Internet 10-13, 15-16, 21

<URL: https://etda.libraries.psu.eduffiles/final_submissions/7513>; page 83, figure 5.1.1; page
84, paragraph 1; page 114, scheme 8.2.1; page 132, scheme 9.2.17

Y US 2010/0125065 A1 (MOON, YC et al) 20 May 2010; abstract; paragraphs [0016], {0088], 10-13, 15-16, 21
[0130]
Y JADULCO, RC. Isolation and Structure Elucidation of Bioactive Secondary Metabolites from 15-16

Marine Sponges and Sponge-derived Fungi. 2002, pp. 1-174 [online], [retrieved on 2017-07-11).
Retrieved from the Internet <URL:
https://opus.bibliothek.uni-wuerzburg.de/files/296/dissertation9.pdf>; page 5, paragraph 2; page
72, paragraph 2; page 73, figure 2.49; page 85, paragraph 1; page 122, paragraph 2; page 145,
paragraph 1

Y CN 105198885 A (FIRST INST OF OCEANOGRAPHY) 30 December 2015, English translation; | 21
abstract
A TROST, BM et al. Recent Advances on the Total Syntheses of the Communesin Alkaloids and | 25-28
Perophoramidine. Chemistry, Vol. 21, No. 46, 9 November 2015, pp. 16318-16343; page 29,
scheme 1
A YANG, J et al. Total Synthesis of (+)-Communesin F. Journal of American Chemical Society, 25-28
Vol. 129, No. 45, 2007, pp. 13794-13795; page 13795, scheme 2a
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

(s:lte((;jiatlor::;?)zll(sal; ;hec?ggg)catlon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

pe S spe . . considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P"  document published prior to the international filing date but later than  «g» gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of thc intcrnational scarch report
11 July 2017 (11.07.2017) “ " A U G 20] 7
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450

L. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571.272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - wo-search-report

